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I. SUMMARY 


This report documents the design, analysis, and testing of three reverse-flow 
annular combustor concepts resulting from NASA Contract NAS 3-22762, Small Gas 
Turbine Combustor Primary Zone Study. The objective of the program was to 
verify a design methodology using a three-dimensional (3-D) combustor primary 
zone (PZ) performance computer model for optimizing the design process and for 
gaining Insight Into combustor PZ performance. Three reverse-flow annular 
combustor concepts were used with at least five modifications made to each 
concept. 

The Concept I reverse-flow combustor was a swlrl-stablllzed, double-vortex, 
annular combustor. The double vortex In the primary zone resulted from the 
combination of prechamber swirled air, a sudden expansion Into the primary 
zone, and opposing rows of PZ air entry holes. A baseline liner and five mod- 
ified versions were designed, analyzed with the 3-D computer model, fabricated, 
and then tested on a combustor rig. Liner modifications included a change In 
swlrler angle; adjustments In PZ hole spacing, number ^ holes, and area of 
holes; and an Increase in the porosity of the Lamllloy®* cooling material. 

The Concept II reverse-flow combustor was a swirl-stabilized, double-vortex, 
reverse-circulation annular combustor with some film cooling In addition to 
the Lamllloy cooling as In Concept I. This combustor liner Incorporated an 
upstream (reverse) film air cooling for the liner dome and forward portion of 
the primary zone and was subsequently used as a portion of the PZ combustion 
air. A baseline liner and five modified versions of this concept were also 
designed, analyzed, fabricated, and tested. The modifications Included a 
change In swlrler angle. Increases and decreases In the PZ hole areas, and 
operation on only eight of the sixteen fuel nozzles. 

The Concept III reverse-flow combustor was an annulus-alr-allgned , single-vor- 
tex design. In this concept the PZ flame stabilization was accomplished by a 
single large torus created by a single-loop film cooling system and angled 
prlmary-alr entry jets. Increasing the size of the PZ vortex permitted the 
reduction In the number of fuel nozzles from sixteen to twelve. In addition 
to having fewer fuel nozzles, each fuel nozzle was chuted to enhance premixing 
and prevaporizing of the fuel and air and to permit precise placement of the 
fuel In the primary zone. A baseline and eight modifications were evaluated 
in the program. The modifications Included changes in fuel placement, changes 
In the PZ air between Inner and outer shells, and changes to the fuel chute 
designs. 

The major analytical effort In this program was the application of a 3-D aero- 
dynamic combustor flow-field model to the design and test-result correlation. 
The model, designated MARC-I for multidimensional aerodynamic recirculation 
combustion— version I, Is the Detroit Diesel Allison (DDA) adaptation of the 
3-D recirculating (elliptic) reacting flow model developed by the Garrett 
Corporation for the U.S. Army Research and Technology Laboratories (AVRADCOM). 
MARC-I was used to analyze each of the twenty-orj combustor designs. After 
testing of the combustor designs, the analytical »nd experimental data were 
compared to assess both qualitative and quantitative agreement. 


*Lamllloy Is a registered trademark of General Motors Corporation. 


In conclusion, the MARC-I three-dimeneional, combustor PZ computer model proved 
to be a beneficial tool in combustion system design and development. Good 
agreement was found between analytical and experimental PZ fuel-air ratio dis- 
tributions, and the three combustor concepts evaluated illustrated that the PZ 
stabilization can be obtained with various internal aerodynamic and fuel in- 
jection methods. As design requirements dictate unique combustor concepts, 
the computer model will become an increasingly more useful tool. 
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II. INTRODUCTION 


The program diacussed herein waa part of an effort directed by NASA Lewie Re“ 
search Center to advance the combustion technology for small gas turbine en~ 
gines. This report documents the work performed under contract NAS 3-22762, 
Small Gas Turbine Combustor Primary Zone Study. This program evaluated design 
methodology and geometric approaches for obtaining the maximum performance po- 
tential of reverse-flow annular combustors. This combustor type has gained 
wide acceptance in small engine designs since it allows a close-coupled com- 
pressor-to- turbine shafting arrangement, resulting in a compact engine design. 

The objective of this technology-generation program was to Improve design 
methods applicable to the reverse-flow annular combustor. The program goal is 
to formulate an understanding of PZ aerodynamics and its relation to perfor- 
mance optimization. The emphasis is to improve the design process and gain 
insight into PZ performance through Interactive analysis and test. Analytical 
models and test results are used to define the Interaction of Internal airflow 
patterns with fuel concentrations and burning patterns. Combustors with three 
distinctively different PZ flame stabilization patterns were included in this 
evaluation. 

All performance goals for the three basic combustor designs were achieved. 
Despite the varied approaches for achieving flame stabilization by controlling 
the internal flow paths, each combustor exhibited very acceptable total per- 
formance. Gas temperature profiles, stability limits, efficiency, smoke, 
emissions, and metal-temperature levels were well within the range of accept- 
able preliminary-design standards. In addition, the effective use of the 3-D 
analytical aerodynamic/combustion model as a design aid was demonstrated and 
verified by test results. The performance predictions of the 3-D model pro- 
vided the needed Insight and better understanding of the PZ aerodynamics. 

The baseline combustor for this investigation is a reverse-flow annular of 
similar size and construction to the DDA combustor used in the GMA500 engine 
currently under development for the. U.S. Army Research and Technology Labora- 
tories (AVRADCOM), Fort Eustls, Virginia. The primary zone of this combustor 
features a conventional, double— vortex, swirl-stabilized flow pattern resulting 
from the interaction of swirl and PZ air jets. Two other combustor concepts 
were studied which have variations in the flame-stabilization swirl patterns 
of the primary zone. The second combustor was constructed to achieve a re- 
verse-circulation, double-vortex pattern, while the third combustor concept 
exhibited a single-vortex f lame-stablllzatlon pattern. 

The program elements consisted of the design process and analytical performance 
predictions, fabrication, and test evaluations. Test data were obtained at the 
intermediate plane of the FZ exit and also at the combustor exit. The test 
results were correlated with the analysis to validate and update design pro- 
cedures. This report contains analytical and performance data from each ele- 
ment of the design and development process. 
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III. COMBUSTOR reSlGN PROCEDURE 


t»R.CfM/\L FACc !3 

OF POOR QLaliTY 


The design process proceeds in a manner of iterative steps as illustrated in 
Figure 1. Once the operating conditions and performance goals are established, 
the type of combustor selected is often dictated from engine component arrange- 
ments. Preliminary sizing consists of aerodynamic and chemical loading con- 
siderations. Widely accepted practices used for this step are described in 
the Combustor Design Methods Manual by Northern Research (Ref 1). Variations 
of this general sizing method are usually at the discrecion and preference of 
the designer. 


Tre design conditions for this program were as follows; 


Inlet pre88"i-e 
Inlet temperat jre 
Airflow 

Temperature rise 

Max liner metal temperature 

Pressure drop 


1014 kPa (10 atm) 

672 K (740“?) 

2.27 kg/s (5 Ib/sec) 
695 K (1250"F) 

1144 K (1600“F) 

4X 


The final design and development of the combustor 
between the detail analytical models and feedback 
development phase continues until all performance 
are realized. 


is an interactive process 
from test evaluations. This 
objectives for the combustor 



Figure 1. Flowchart for primary zone program. 


* 1 
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The major analytical effort in thia program, vaa the application of a 3-D aero- 
dynamic combustor flow-field model to the design and test-result correlation* 

The model, designated MARC-I for multidimensional aerodynamic recirculation 
combustion— version I. is the DDA ad*-;;ation of the 3-D recirculating (ellip- 
tic) reacting flow sK>del developed by the Gnrrett Corporation for th'r U*8* Army 
Research and Technology Laboratories (AVRADCOM) (Ref 2). MARC-I is a primitive 
variable, finite-difference computer code that solves the Kavier-Stokes equa- 
tions for a three-dimensional reactive flow field. Turbulence is simulated by 
a two-equation K-c model, and combustion following drop vaporisation is de- 
termined by a two-step chemical reaction model based on Arrhenius and eddy 
breakup concepts. A six-flux radiation sK>del is also incorporated. 

The following variables are C(xnputed by MARC-I: 

o velocity (axial, radial, and swirl components) 
o pressure 

o enthalpy (and. derived from that, temperature and density) 
o kinetic energy of turbule.Ke and dissipation rate 
o composition (mass fractions of fuel. O2. N2. CO. CO2. and H2O) 
o radiation flux vectors 

o fuel spray trajectory and evaporation rate 

The transport equations for all depe;iOent variables ift are of the following 
general fom: 

div (p u^ - -^^^grad 4>) - 
9 

where 

p is th<i mixture density 

u is the 'velocity vector 

Pgff is the effective turbulence 

<TA is the effective Prandtl/Schuidt number 

sj is the souice term for ^ 

An iterative finite-difference solution procedure is used to solve the result- 
ing system of nonlinear, partial-differential equations. 

MARC-I has been updated to incorporate the following gas turbine combustor 
geometrical features: 

o prechambers 
o internal walls 
o rounded dome walls 
o axial dome swirlers 
o vertical dome slots 
o slanted liner entries 
o reverse cooling slots 

In addition, an extensive plotting and restart capability has been incorporated 
into the program. Restart is the terminology used to describe the storage of 
the computer solution for a combustor design and its subsequent use to begin 
the solution for a similar design. This technique has significantly reduced 
the number of iterations required for successful n’imerical convergence. 
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By means of an IBM 370/3081 computer the MARC-1 model tfas used to analyze each 
of the 21 combustor configurations tested during this program. The computer 
grids used for each of the three combustor concepts are listed In Table 1. A 
complete solution for a combustor design required about 300 computer itera- 
tions. A complete solution was required for each of the three concept base- 
line combustor designs. Using the restart capability, the successive modified 
combustor revisions required only 100 iterations, thus saving significant 
machine time. In general, 100 iterations of a 1000-point grid required 4.7 
CPU minutes of computer time. The complete solution for the Concept 1 base- 
line combustor design was 40.3 CPU minutes. The restart solution for the 
Concept I mod 1 combustor design was about 13.4 CPU minutes. 


Table 1. 

MARC-I solution grids for the three primary zone combustor concepts. 


Combustor 

Axial 

Number 

Radial 

of grid points 
Circumferential 

Total 

Concept I 

17 

13 

13 

2873 

Concept II 

17 

17 

17 

4913 

Concept III 

27 

19 

15 

7695 


The program demonstrated the value of the MARC-I model as a useful tool to the 
combustor designer. The accuracy of analytical performance predictions com- 
pared to test results has not reached a level of precision desired for complete 
reliance on the analytical method. Combustor designs and performance attain- 
able will still rely heavily upon the quasi-emplrical correlations developed 
from test experience by manufacturers over the years. The analytical model, 
however, does exhibit the potential of effective Interaction with the design 
process by helping to visualize the resulting aerodynamic effects of geometric 
variations in the combustor. Design guidance results and experimental costs 
are reduced when many candidate designs can be studied before committing a 
chosen design to hardware. 
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IV. COMBUSTOR DESIGNS 


Full-size, reverse-flow annular combustors are being evaluated in this program. 
The combustors are swirl-stabilized systems established by PZ air entry ports 
and swirlers. A prechamber cup surrounds the fuel nozzles in the baseline 
combustor, where partial premixing and prevaporizing of the air and fuel occur 
prior to entry into the primary zone. Both axial and radial swirlers have been 
used to Induce swirl in the prechamber zone. 

Three distinctly different combustor concepts, shown in Figure 2*, were se- 
lected to provide a wide scope approach to this investigative program. Each 
combustor was designed with a different aerodynamic approach to the internal 
flow patterns that provide the fuel vaporization paths and the flame stabili- 
zation regions within the primary zone. These combustors Incorporate features 
that address the elements of the small annular combustor that have been iden- 
tified as sources of problems. Direct approaches to some problem areas were 
the appllc.^tlo .1 of advanced Lamilloy cooling and simplex airblast fuel nozzles 
as shown in Figure 3. Unique design approaches were to recycle air used for 
cooling back into the primary zone for combustion or to utilize air management 
techniques involving hole locations and swirlers to provide desired fuel-to-alr 
distribution in the primary zones. 

The fuel nozzle used for each of the combustor concepts was a slmplex-alrblast 
type composed of two subassemblies. The first subassembly was the simplex fuel 
atomizer shown in Figure 4. The atomizer was mounted through the outer combus- 
tor case and piloted inside the airblast swirler subassembly (see Figure 5). 

The airblast swirler was mounted as a floating ferrule at the front of the 
combustor liner prechamber. The air passing through the swirler vanes further 
atomized the fuel from the simplex Injector and also helped generate the pre- 
chamber swirl aerodynamics. Separation of the simplex Injector and the air- 
blast swirler into subassemblies permitted the swirler portion to be a part of 
the combustor ^ner. thus simplifying the fuel Injecting portion of the nozzle. 

The combustor PZ concepts selected for study are identified by aerodynamic flow 
patterns: 

Concept 1 double-vortex swlrl-stablllzed 

Concept II double-vortex swirl-stabilized reverse-circulation 

Concept III single-vortex stabilized 

For each of the three combustor concepts, a baseline configuration and five 

modifications were designed. These eighteen combustor versions are summarized 
in Table II. Subsequent paragraphs in this section will describe the design 
of each combustor concept baseline and the five modifications made to each 
combustor concept. Three additional modifications to the Concept III combustor 
were designed and evaluated in the contract addendum. These designs are de- 
scribed in Appendix A. 

CONCEPT I: DOUBLE-VORTEX, SWIRL-STABILIZED COMBUSTOR 

The double-vortex, swlrl-stablllzed combustor was selected as the Concept I 
combustor because it represents conventional techniques for obtaining the 


*The figures for this section appear at the end of the section. 
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flame stabilization pattern. The double vortex is achieved by a combination 
of a radial-inflow swirler and opposing rows of PZ air entry jets. Lamilloy 
transpiration . :?oling was utilized for all the walla of the conbustor. The 
high effectiveness of this cooling technique reduces Che antount of cooling air 
required. Also, the cooling-air entry into the primary zone is at a uniform 
temperature level and eliminates flame quenching normally associated with films 
in close proximity to the walls. 


Table II. 

Combustor configuration summary. 


Combustor 

Version 

Description 


Concept I 

Baseline 

45 deg prechamber swirler 


Swirl stabilized 

Mod 1 

30 deg prechamber swirler 


Double vortex 

Mod 2 

30 deg swirler, close PZ hole spacing 


Mod 3 

Double number of PZ holes 



Mod 4 

Reduced-area PZ holes 



Mod 5 

Increased Lamilloy cooling airflow 

Concept II 

Baseline 

30 deg axial swirler 


Swirl stabilized 

Mod 1 

45 deg axial swirler 


Double vortex 

Mod 2 

45 deg swirler, 50Z more PZ hole area 

Reverse cooling flow 

Mod 3 

100% more tZ hole area 



Mod 4 

Original PZ hole area, 8 fuel nozzles 


Mod 5 

All PZ air at active fuel 

nozzles 

Concept III 

Baseline 

Fuel tubes radially out 


Annulus air aligned 

Mod 1 

Fuel tubes circumferential 

clockwise 

Single vortex 

Mod 2 

Fuel tubes circumferential 

counterc lockwise 


Mod 3 

Fuel tubes out, increased 

outer PZ air. 



decreased 

inner PZ air 


Mod 4 

All outer PZ air 



Mod 5 

All inner PZ air 



Baseline Combustor 

A dimensional sketch of the Concept I baseline combustor can be seen in Figure 
6. The baseline combustor has 16 fuel injectors resulting in a 1.4 circumfer- 
ence/height spacing. These fuel nozzles are a combination simplex-airblast 
type. The basic nozzle consists of a simple shell encasing a filter, spin 
chamber, and single-orifice tip exit. An air swirler, separately attached to 
Che combustor dome, surrounds the external nozzle casing. The combined parts 
form the components of an airblast nozzle which utilizes high-velocity air 
passing through the swirler to improve fuel atomization. The Concept I base- 
line combustor has 32 primary air-addition holes (2 per nozzle) through the 
inner liner shell plus 32 primary holes (2 per nozzle) through the outer shell. 
There are no intermediate zone (IZ) holes. Like the primary holes, there are 
32 dilution zone (DZ) air-addition holes through the inner shell and 32 
through the outer shell. All remaining air enters through the Lamilloy cool- 
ing surfaces. A summary of Che air distributions for the Concept I baseline 
and all five of the Concept I liner mods is presented in Table III. 
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Table III. 

Concept I combustor design soBKBary. 




Concept I— - — 



Base 

Mod 1 

Mod 2 Mod 3 

Mod A 

Mod 5 


Axial swirler blade angle 

45 deg 

30 deg 

30 deg 

30 deg 

30 deg 

30 deg 

Number fuel nozzles 

16 

16 

16 

16 

16 

16 

Outer shell 
FZ holes 

Number holes/nozzle 

2 

2 

L. 

4 

4 

2 

Spacing* Pair 1 

0.250 

0.250 

0.083 

0.083 

0.083 

0.250 

Pair 2 

— 

— 

— 

0.250 

0.250 

— 

Area, % 

6.9 

7.1 

7.1 

12.5 

7.2 

7.0 

Number IZ holes/nozzle 

0 

0 

0 

0 

0 

0 

Number DZ holes/nozzle 

2 

2 

2 

2 

2 

2 

Inner shell 
PZ holes 

Number holes/nozzle 

2 

2 

2 

4 

4 

2 

Spacing;* Pair 1 

0.250 

0.250 

0.083 

0.083 

0.083 

0.250 

Pair 2 

— 

— 

— 

0.250 

0.250 

— 

Area, % 

5.9 

6.0 

6.0 

10.7 

6.1 

6.0 

Number IZ holes/nozzle 

0 

0 

0 

0 

0 

0 

Number DZ holes/nozzle 

2 

2 

2 

2 

2 

2 

Total effective area, mm^ 

3425.9 

3341.4 

3341.4 

3780.1 

3345.3 

3368.7 

% 

100.00 

97.53 

97.53 

110.34 

97.65 

98.33 

Laroilloy porosity, Cj 

0.0053 

0.0053 

0.0053 

0.0053 

0.0053 

0.0057 

Liner areas, % 

Dome swirlers 

14.4 

12.3 

12.3 

10.9 

12.3 

12.2 

PZ holes total 

12.8 

13.1 

13.1 

23.2 

13.3 

13.0 

IZ holes total 

0 

0 

0 

0 

0 

0 

DZ holes total 

39.6 

40.6 

40.6 

35.9 

40.6 

40.2 

Cooling total 

33.0 

34.0 

34.0 

30.1 

33.9 

34.6 

PZ equivalence ratio at 

100% power 

0.944 

0.998 

0.998 

0.780 

0.992 

1.005 


*Spacing ■ angle of hole from nozzle centerline/angle between nozzles 


The Concept I baseline combustor, as well as all of the other combustors, was 
analyzed with the three-dimensional combustor model described in Section III. 
For each combustor r jnfiguration the 3-D model generated plots of fuel-air 
ratio in the primary zone at various radial planes so that the interaction of 
the fuel spray and the combustion air could be observed. Typical of these 
theoretical investigations are fuel-air plots, shown in Figures 7 through 9. 
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Figure 7 is a prediction of the circumferential average fuel~alr ratios for 
the Concept I baseline combustor for a one^fuel'nozrle centered liner sector 
(the fuel nozzle Is centered at 11.25 deg) In a radial plane located 54,6 mm 
downstream of the fuel~nozzle exit. This plane corresponds to the location of 
the I'Z gas~sampllng probe used in the experimental portion of the program. 

For the combustor operating at the 80% power condition^ the average fuel~air 
ratio varied from 0.021 to 0.074 In each fuel~nozzle sector. Predicted fuel" 
air ratios for each of the experimental probes are given In Figure 8. These 
curves Illustrate the fuel-air ratio variation across the liner annulus at each 
of three circumferential positions. Figure 9 shows a fuel-air ratio map of 
the entire 22.5 deg sector surrounding each fuel nozzle. The view direction 
for this map Is downstream. This type of plot clearly reveals the high and 
low concentrations of the fuel in the primary zone of the Concept I baseline 
combustor. The axial position of the plane depicted In Figure 9 is plane of 
the experimental PZ gas-sampling probe. The predicted contours show that the 
baseline combustor should have four fuel-air peaks spaced around the fuel-noz- 
zle centerline. If a series of fuel-air contour maps at different axial planes 
were stacked together^ the result would be Figure 10. In this representation 
of the baseline annulus sector the map from Figure 9 is the plane Identified 
as 54.6 mm downstream. For reference, the prechamber exit is the 13,1 mm lo- 
cation plane, the primary holes are located at the 35.6 mm plane, and the di- 
lution holes are located at 68.8 mm or about halfway between the planes 54.6 
mm and 76.2 mm shown. In this type of presentation, the effects of the pre- 
chamber swirl, the primary holes, and the dilution holes on the fuel spray can 
all be traced as the fuel spray passes down the combustor liner. 

In a similar manner the gas temperatures and the local combustion efficiencies 
can be traced through the combustor liner, as Illustrated by Figures 11 and 12. 

An internal aerodynamic analysis of the liner flow fields was also performed 
for the first 76.2 mm downstream of the fuel nozzle tip. Figure 13 shows a 
series of radial planes at 12.7, 17.8, 35.6, and 48.3 mm downstream of the fuel 
nozzle. Physically these planes correspond to the prechamber flow just prior 
to the exit, the PZ flow just Inside the primary zone, the flow In the plane 
of the PZ air entry holes, and the PZ flow downstream of the primary holes. 
Figure 14 is a similar set of velocity plots but in the axial plane of the 
baseline liner. With the fuel nozzle located at 11.25 deg, a series of velo- 
city plots are presented at circumferential locations of 0, 0.1667, 0.5, and 
0.8333 of the half angle spacing between the fuel nozzles. 

Mod 1 Combustor 


The first modification to the baseline Concept I combustor was the change In 
the blade an£;le of the axial swirler surrounding the fuel nozzle from 45 deg 
of turning to 60 deg of turning or an angle of 30 deg. There were no other 
changes made to the combustor. Figure 15 shows the fuel-air ratio map in the 
radial plane of the PZ gas-sample probes for the mod 1 combustor liner. Com- 
parison of this map with the baseline map in Figure 9 shows no change in the 
distribution of fuel-air In this plane. A look at the liner Internal veloci- 
ties In the axial plane of the fuel nozzle (see Figure 16) does show a change 
with the Increase in swirl number. The velocity map now shows a definite re- 
verse flow region upstream from the plane of the PZ holes to the exit of the 
prechamber. This reverse flow region is, however, either too small or too weak 
to have any effect on the PZ combustor performance. 
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Mod 2 Combustor 


The second modification to the Concept I baseline combustor was to move the PZ 
holes in the inner and outer shells closer to the centerline of the fuel nos- 
zle. The 30 deg swirler from Concept I, mod 1, was retained. Thus there were 
no changes made other than the moving of the primary holes. 

The average circumferential fuel-air ratio for this mod is shown in Figure 17. 
It shows a definite depression of the fuel-air ratio profile near the axis of 
the fuel nozzle as compared to the profile in the Concept I baseline design in 
Figure 7. The sector fuel-air ratio map for this configuration in Figure 18 
also shows the evening of the fuel-air pattern. The fuel-air peaks were re- 
duced thus indicating a potential reduction of and smoke which result 
from the high-temperature fuel-rich pockets in the primary zone. 

Velocity diagrams for Concept I, mod 2, simply show the movement of the air 
jets toward the fuel nozzle in the axial plane. The radial plane velocities 
shown in Figure 19 would indicate that all of the flow would be directed to- 
ward the center and then would flow circumferentially away from the fuel noz- 
zle. The recirculation seen in Figure 13c for the baseline combustor design 
would not be present. 

Mod 3 Combustor 


The third modification to the Concept I baseline combustor was to utilize all 
of the primary zone holes from mods 1 and 2. This increase in primary zone 
holes was intended to further smooth the fuel-air ratio distribution in the 
primary zone. This smoothing process is evident in Figure 20, where the fuel- 
air ratio average varied only between 0.031 to 0.049. It is clear in Figure 
21 that the rich pockets in the primary zone have been substantially reduced. 

The velocity diagram in the radial plane given in Figure 22 shows that the 
majority of the flow in this zone is toward the center of the annulus with the 
recirculation occurring between the fuel nozzles. 

Mod 4 Combustor 


The fourth modification to the Concept I baseline combustor was to utilize all 
of the primary zone holes from mods 1 and 2, but to reduce the flow area of 
the holes to be equivalent with the baseline flow. There was concern that the 
large holes in mod 3 were overpenetrating and would thus be detrimental to the 
performance in the primary zone. The circumferential-average, fuel-air ratio 
pattern, as seen in Figure 23, is between the baseline pattern, which was high 
in the middle of the sector, and the mod 3 pattern, which was low in the middle 
of the sector. The radial-plane, fuel-air ratio profiles in Figure 24 also 
show that the fuel is reasonably uniform but somewhat concentrated in line 
with the fuel nozzles. 

The radial-plane velocity profiles in Figure 25 indicate more mixing in line 
with the fuel nozzle due to the air jets penetrating less toward the center of 
the annulus. 
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Mod 3 Combustor 


The fifth modification to the Concept 1 baseline combustor was to replace the 
PZ Lamllloy with a more porous, higher flowing Lamilloy to further improve the 
durability of the combustor in the primary zone. The swirler and PZ hole pat- 
tern were returned to the configuration of Concept I, mod 1. Aerodynamics an- 
alysis of this combustor .modification did not show any effect in the internal 
flow field. This is due to the fact that the Lamilloy flow was increased only 
7.5%. The low flow of Lamilloy and its very shallow air penetration beyond the 
liner wall contribute to the lack of effect on the flow pattern. 

Design Summary 

A summary of the radial-plane fuel-air ratio patterns for each of the Com epc 
I combustors is shown in Figure 26. It is clear from inspection of. these pro- 
files that the change in axial swirler (mod 1) and the change in Lamilloy por- 
osity (mod 3) had negligible Influences on the Internal distributions. Chang- 
ing the PZ air-injection hole sizes and/or location does make predictable 
changes to the internal flow distributions. Coupling of these changes in the 
primary zone with their effects on combustor internal and exit performance is 
an area that will be discussed in the results portion of this report. 

CONCEPT II: DOUBLE-VORTEX, SWIRL-STABILIZED, REVERSE-CIRCULATION COMBUSTOR 

The double-vortex, swirl-stabilized reverse-circulation combustor was selected 
as the Concept II combustor because the PZ aerodynamics appears to be well 
suited for small gas turbine combustors having problems with fuel impingement 
on the PZ walls or with quenching in a cooling film near the walls. In the 
reverse-flow design, the PZ cooling-air film is directed upstream and inter- 
mixes with the combustion air by entering the reaction zone from behind the 
fuel spray. This cooling-air regeneration leaves no path of escape for the 
quenched products of combustion without passing through the more favorable hot 
reaction zone. Lamilloy transpiration cooling was utilized for all of the re- 
maining walls of the combustor. The high effectiveness of Lamilloy reduces 
the amount of cooling air required for the rest of the combustor liner. 

Baseline Combustor 


A dimensional sketch of the Concept II baseline combustor can be seen in Fig- 
ure 27. The baseline combustor has 16 fuel injectors resulting in a 1.4 cir- 
cumference/height spacing. These fuel nozzles are a combination simplex-air- 
blast type and were the same nozzles used with the Concept I combustor. The 
Concept II baseline combustor has 16 primary air-addition holes (1 per nozzle) 
through the inner liner shell plus 16 primary holes (1 per nozzle) through the 
outer shell. Each of the holes is located on the centerline of a fuel nozzle. 
The air enters through formed air bushings. There are 32 intermediate zone 
holes (2 per nozzle) through the inner shell and 32 holes (2 per nozzle) 
through the outer shell. Similarly, there are 32 dilution air-addition holes 
through the inner shell and 32 through the outer shell. All remaining air en- 
ters through the PZ reverse film cooling slots, the fuel nozzle swirler, or 
the Lamilloy cooling surfaces. A summary of the air distributions for the 
Concept II baseline and all five of the Concept II liner mods is presented in 
Table IV. 
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Table IV. 

Concept II combustor design aunmary. 


WI^AL PAGe 13 
f POOR quality 


Base 


Axial swirler blade angle 30 deg 

Number fuel nozzles 16 

Outer shell 
PZ holes 

Number holes/active nozzle 1 

Area, X 3.6 


Number IZ holes/active nozzle 2 
Number DZ holes/active nozzle 2 
Inner shell 
PZ holes 


Number holes/active nozzle 1 
Area, % 3.0 

Number IZ holes/active nozzle 2 
Number DZ holes/active nozzle 2 
Total effective area, mm^ 3333.1 

% 100.00 

Lamilloy porosity, Cj 0.0053 

Liner areas, % 

Dome swirler 8 6.0 

PZ holes total 6.6 

IZ holes total 6.6 

DZ holes total 40. 7 

Cooling total 39.9 

PZ equivalence ratio at 

100% power 1.121 


Concept II 


Mod 1 

Mod 2 

Mod 3 

Mod 4 

Mod 5 

45 deg 

45 deg 

45 deg 

45 deg 

45 deg 

16 

16 

16 

8 

8 


1 

1 

1 

1 

3 

3.5 

5.0 

6.5 

6.5 

6.7 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

3 

3.0 

4.3 

5.5 

5.5 

5.7 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3417.6 

3526.0 

3633.7 

3633.7 

3653.8 

102.54 

105.79 

109.02 

109.02 

109.62 

0.0053 

0.0053 

0.0053 

0.0053 

0.0053 

8.4 

8.1 

7.9 

7.9 

7.8 

6.5 

9.3 

12.0 

12.0 

12.4 

6.5 

6.3 

6.1 

6.1 

6.0 

39.7 

38.5 

37.3 

37.4 

37.1 

39.0 

37.8 

36.8 

36.8 

36.5 

1.041 

0.969 

0.903 

1.452* 

0.900 


*Based on effective air for each active fuel nozzle 


The Concept II baseline combustor, as well as all of the other combustors, was 
analyzed with the three-dimensional combustor model described in Section III. 
For each combustor configuration the 3-D model generated plots of fuel-air ra- 
tio in the primary zone at various radial planes so that the interaction of 
the fuel spray and the combustion air could be observed. Typical of these 
theoretical investigations are fuel-air plots as shown in Figures 28 through 
30. Figure 28 is a prediction of the circumferential average fuel-air ratios 
for the Concept II baseline combustor for a single nozzle centered liner sector 
(the fuel nozzle is centered at 11.25 deg) in a radial plane located 54.6 mm 
downstream of the fuel-nozzle exit. This plane corresponds to the location of 
the PZ gas-sampling probe used in the experimental portion of the program. 

For the combustor operating at the 80% power condition, the average fuel-air 
ratio varied from 0.032 to 0.082 in each fuel-nozzle sector. Predicted fuel- 
air ratios for each of the experimental probes are given in Figure 29. These 
curves illustrate the fuel-air ratio variation across the liner annulus at each 
of three circumferential positions. Figure 30 shows a fuel-air ratio map of^ 
the entire 22.5 deg sector surrounding each fuel nozzle. The viewing direction 
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for this nuip is downstream. Figure 30 clearly shows a single, high concentra** 
tion of the fuel near the PZ inner wall of the Concept II baseline ccmbustor. 
The axial position of the plane depicted in Figure 30 is the plane of the ex- 
perimental gas-sampling probes. The predicted contours show that the baseline 
combustor should have only one fuel-air peak, w’nich is quite different than 
what was predicted for the Concept I baseline combustor in Figure 9. A series 
of fuel-air contour maps at different axial planes stacked together results in 
the composite in Figure 31. In this representation of the baseline annulus 
sector the map from Figure 30 is the plane identified as 51 mm downstream. 

For reference, the prechamber exit is the 0.25 mm location plane, the primary 
holes are located at the 22.9 mm plane, the intermediate holes are located at 
the 40.6 mm plane, and the dilution holes are located at 71.1 mm or about half- 
way between the 63.5 mm and 76.2 mm planes shown. In this type of presenta- 
tion, the effects of the prechamber swirl, the reverse-flow cooling air, the 
primary holes, the intermediate holes, and the dilution holes on the fuel spray 
can all be traced as the fuel spray passes down the combustor liner. 

In a similar manner the gas temperatures and the local combustion efficiencies 
can be traced through the combustor liner as illustrated by Figures 32 and 33. 

An internal aerodynamic analysis of the liner flow fields was also performed 
for the first 100 mm downstream of the fuel nozzle tip. Figure 34 shows a ser- 
ies of radial planes at 3.8, 6.4, 22.9, and 40.6 mm downstream of the fuel 
nozzle. Physically these planes correspond to the flow at the exit of the 
prechamber, the flow in the plane of the reverse cooling air exit, the flow in 
the plane of the PZ air-entry holes, and the flow in the plane of the interme- 
diate holes. Figure 35 is a similar set of velocity plots but in the axial 
plane of the baseline liner. With the fuel nozzle located at 11.25 deg, a 
series of velocity plots are presented at circumferential locations of 0, 

0.244, 0.5, and 0.889 of the half angle spacing between the fuel nozzles. 

Mod 1 Combustor 


The first modification to the Concept II baseline combustor was to reduce the 
amount of turning in the axial swirler surrounding the fuel nozzle from 60 deg 
of turning to 45 deg of turning. There were no other changes made to the com- 
bustor. Figure 36 shows the effect of the mechanical change on the circumfer- 
ential average fuel-air ratio distribution. Comparison with the Concept II 
baseline distribution (Figure 28) shows that the fuel-air ratio peak would be 
expected to decrease from 0.082 to about 0.072. Figure 37 shows the fuel-air 
ratio map in the radial plane of the PZ gas-sample probes. Comparison of this 
map with the baseline map in Figure 30 shows almost no change in the distribu- 
tion of fuel-air in that plane. 

Mod 2 Combustor 

The second modification to the Concept II baseline combustor was to increase 
the hole area of the primary holes by 50Z. The 45 deg swirler from Concept 
II, mod 1, was retained. There were no changes made other than increasing the 
size of the primary holes. 

The average circumferential fuel-air ratio for this mod is shown in Figure 38 
and predicts a slight decrease in the fuel-air ratio peak near the axis of the 
fuel nozzle when compared to the profiles in both Concept II baseline and mod 1 
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designs. The sector fuel-air ratio map for this configuration in Figure 39 
also shows a smoothing of the fuel-air pattern. The fuel-air peaks were re- 
duced thus indicating a potential reduction of and smoke which result 
from the high-temperature fuel-rich pockets in the primary zone. 

Comparison of the baseline and the rood 1 predicted internal velocity diagrams 
did not reveal any meaningful differences between the two designs. 

Mod 3 Combustor 

The third modification to the Concept II baseline combustor was to further in- 
crease the areas of the PZ holes by 100% when compared to the Concept II base- 
line combustor. This increase in PZ hole area was intended to further smooth 
the fuel-air ratio distribution in the primary zone. This smoothing process 
is evident in Figure 40, where the fuel— air ratio peak should be reduced to 
0.055. It is clear in Figure 41 that the rich pockets in the primary zone have 
been substantially reduced. 

Comparison of the mod 1 and the mod 2 predicted internal velocity diagrams did 
not reveal any meaningful differences between the two designs. The mod 2 de- 
sign showed slightly higher velocities in the region of the primary holes, due 
to the increased flow, but no significant changes to the flow patterns. 

Mod 4 Combustor 


The fourth modification to the Concept II baseline combustor was to operate 
the mod 3 design by supplying fuel only to every other nozzle for a total of 
eight fuel nozzles. Using only eight equally spaced fuel nozzles produced a 
doubling of the annulus circumference /height spacing to 2.8. Increasing the 
circumference/height spacing would have significant advantages in simplifying 
annular combustors, especially the small annulars which now require small fuel 
nozzles that are susceptible to contamination and clogging. The predicted 
circumferential average fuel-air ratio distribution for the mod 4 design is 
shown in Figure 42 for adjacent fueled and unfueled sectors. Without any 
change in the combustor liner hole patterns there are alternate sectors of high 
and low fuel-air ratios corresponding with the fueled and unfueled nozzles. 

The sector fuel-air ratio map for this design is given in Figure 43. The high 
and low fuel-air regions are especially evident. 

Mod 5 Combustor 


The fifth modification to the Concept II baseline combustor was to close the 
PZ holes in the regions of the unfueled nozzles and add that area to the pri- 
mary zones of the fueled nozzles. For each closed hole two plane flush holes 
were added behind the existing primary hole at equal distances from the fuel- 
nozzle centerline. The intention of this design change was to even out the 
fuel-air ratio distribution between the fueled and the unfueled nozzles. 

Design Summary 

A summary of the radial-plane fuel-air ratio patterns for each of the Concept 
II combustors is shown in Figure 44. Decreasing the swirl number at the fuel 
nozzle and then increasing the quantity of primary zone air in the baseline 
through mod 3 designs did not change the overall aerodynamic pattern in the 
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liner ennulus *ut tended to tteedily euppress the high fuel-air ratio regiona 
while railing the low regions* Changing to eight fuel notalei in nod A pro- 
duced a very nonunifonn fuel-air ratio pattern* but moving all of the PZ air 
toward the operating fuel nozzles should have improved the fuel-air distribu- 
tion. 

CONOSPI III: SINGI£ -VORTEX, ANNULUS-AIR-ALIGIED COMBUSTOR 

The single-vortex, annulus-air-aligned combustor was selected as the Concept 
III combustor because this concept departs from the dual-vortex, conventional 
flame-stabilization designs by establishing a large single torus in the pri- 
mary zone. The single-loop film cooling around the primary zone complements 
the internal annulus flow created by the PZ air jets. One major feature of 
this design is the widening of the fuel nozzle spacing to reduce the number of 
fuel injectors from the sixteen used in Concepts I and II to only twelve. The 
fuel nozzles are of an airblast atomization type feeding a positionable pre- 
mixing fuel chute. This chute allows for fuel placement into designated sec- 
tions of the PZ annulus. As in Concept II the primary zone is cooled by a 
continuously sweeping film of cooling air which, like the Concept II design, 
flows upstream along the outer surface of the primary zone, inward around the 
dome, and finally downstream along the iiner surface of the primary zone* 
Lamilloy transpiration cooling was utilized for all of the remaining walls of 
the combustor as was done in each of the other concepts. 

The five modifications to the Concept III combustor were chosen to demonstrate 
dramatic changes for analytical and experimental verification. Therefore suc- 
cessive modifications to the Concept III combustor were major and not intended 
to progress toward an optimum design configuration. 

Baseline Combustor 


A dimensional sketch of the Concept III baseline combustor can be seen in Fig- 
ure 45. The baseline combustor has 12 fuel injectors resulting in a 1.9 cir- 
cumference/height spacing compared to a 1.4 spacing in Concepts I and II* 

These fuel nozzles are a combination simplex-airblast type and were the same 
nozzles used with the Concept I combustor. Each fuel nozzle feeds into an 
L-shaped premixing fuel chute which can be rotated to any 360 deg position for 
placing the fuel in a desired location in the PZ annulus. These chutes act as 
premixers and, to some degree, as prevaporizers. The Concept III baseline 
combustor has 24 primary air-addition holes (2 per nozzle) through the liner 
inner shell plus 24 primary holes (2 per nozzle) through the outer shell. Each 
of the holes is located 7.5 deg off the centerline of a fuel nozzle. The air 
enters through formed air bushings inclined to the annulus centerline to form 
the single torus flow pattern. There are no intermediate zone holes in this 
combustor concept. The dilution zone of this combustor concept is the same as 
for Concepts I and II. Therefore, there are 32 dilution air-addition holes 
through the inner shell and 32 through the outer shell giving a nonsymmetric 
pattern of dilution holes relative to the number of fuel nozzles. There are 
eight dilution holes on each shell for every three fuel nozzles making a ratio 
of 2.67 shell dilution holes for each fuel nozzle. All remaining air enters 
through the PZ film cooling slots, the fuel nozzle swirler, or the Lamilloy 
cooling surfaces. A summary of the air distributions for the Concept III 
baseline and all five of the Concept III liner mods is presented in Table V, 
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Table Qp pQQ/^ QUALITY 

Concept III combustor design aumaary. ^ ‘ ' ' 



Base 

Mod 1 

Mod 2 

Mod 3 

Mod 4 

Mod 5 

Axial swlrler blade angle 

45 deg 

45 deg 

45 deg 

45 deg 

45 deg 

45 deg 

Fuel nozzles 

Number nozzles 

12 

12 

12 

12 

12 

12 

Exit chute 

Direction 

Radial 

Clrcumf 

Clrcumf 

Radial 

Radial 

Radial 

Rotation 

Out 

CW 

CCW 

Out 

Out 

Out 

Outer phell 

Number FZ holes/nozzle 

2 

2 

2 

2 

2 

0 

Area , X 

5.2 

5.2 

5.2 

7.5 

9.8 

0 

Number IZ holes/nozzle 

0 

0 

0 

0 

0 

0 

Number DZ boles/active nozzle 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

Inner shell 

Numbe.' PZ holes/nozzle 

2 

2 

2 

2 

0 

2 

Area, X 

4.5 

4.5 

4.5 

2.3 

0 

9.8 

Number IZ holes/ nozzle 

0 

0 

0 

0 

0 

0 

Number DZ holes/nozzle 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

Total effective area, mm^ 

3431.0 

3431.0 

3431.0 

3434.0 

3434.2 

3434.2 

X 

100.00 

100.00 

100.00 

100.09 

100.09 

100.09 

Lamllloy porosity, Cj 

0.0053 

0.0053 

0.0053 

0.0053 

0.0053 

0.0053 

Liner areas, X 

Dome swlrlers 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

Dome cooling gaps 

16.6 

16.6 

16.6 

16.6 

16.6 

16.6 

PZ holes total 

9.7 

9.7 

9.7 

9.7 

9.7 

9.7 

IZ holes total 

0 

0 

0 

0 

0 

0 

DZ holes total 

39.5 

39.5 

39.5 

39.5 

39.5 

39.5 

Cooling total 

44.5 

44.5 

44.5 

44.5 

44.5 

44.5 

FZ equivalence ratio at 

lOOZ power 

1.016 

1.016 

1.016 

1.012 

1.012 

1.012 


The Concept III baseline primary zone was also analyzed with the three-dimen- 
sional combustor model described In Section II. For each PZ configuration the 
3-D ?aodel generated plots of fuel-air ratio In the primary zone at various ra- 
dial planes so that the Interaction of the fuel spray and the combustion air 
could be observed. Typical of these theoretical investigations are fuel-air 
plots as shown in Figures 46 through 48. Figure 46 Is a prediction of the 
cl*‘'ufflf erentlal average fuel-air ratios for the Concept III baseline primary 
zone for a single nozzle centered liner sector (the fuel nozzle Is centered at 
15 deg) In a radial plane located 63 mm downstream of the fuel-nozzle exit. 
This plane corresponds to the location of the PZ gas-sampling probe used In 
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the experimental portion of the program. For the comhuator operating at the 
80Z power condition, the average fuel~air ratio varied from 0.025 to 0.063 in 
each fuel-nozzle sector. Predicted fuel-air ratios for each of the experimen- 
tal prober are given In Figure 47. These curves Illustrate the fuel-air ratio 
variation across the liner annulus at each of three circumferential positions. 
Figure 48 shows a fuel-air ratio map of the entire 30 deg sector surrounding 
each fuel nozzle. The viewing direction for this map Is downstream. Figure 
48 clearly shows the high concentration of the fuel near the PZ outer vail of 
the Concept III baseline combustor and the very low levels of fuel concentra- 
tion along the nozzle centerline. A series of fuel-air contour maps at dif- 
ferent axial planes stacked together results In the composite In Figure 49. 

In this representation of the baseline annulus sector the map from Figure 48 
Is the plane Identified as 63 mm downstream. In this type of presentation • 
the effects of each of the air addition points on the fuel spray can all be 
traced as the fuel spray passes down the combustor liner. 

In a similar manner the gas temperatures and the local combustion efficiencies 
can be traced through the combustor liner as illustrated by Figures 50 and 51. 

An Internal aerodynamic analysis of the liner flow fields was also performed 
for the first 100 mm downstream of the fuel norzle tip. Figure 52 shows a ser- 
ies of radial planes at 13.0, 18.8, 25.4, and 53.3 mm downstream of the liner 
dome. Physically these planes correspond to the flow upstream of the fuel 
chute exit, the flow at the leading edge of the fuel chute, the flow at the 
exit of the fuel chute, and the flow Just upstream of the experimental probes. 
Figure 53 Is a similar set of velocity plots but In the axial plane of the 
baseline llnnr. With the fuel nozzle located at 15 deg, a series of velocity 
plots Is presented at circumferential locations of between the fuel nozzle and 
the primary holes, through the primary ho7es, and outside the primary holes 
near the edge of the sector. 

Mod 1 Combustor 


The first modification to the Concept III baseline combustor was to rotate the 
fuel chutes so that the fuel exited In a clockwise circumferential direction 
around the FZ annulus. There were no other changes made to the combustor. 
Figure 54 shows the effect of this mechanical change on the direction of the 
fuel exiting from the chute. In the plane of the Instrumentation probes, the 
fuel Is predicted to be quite concentrated In a region of the annulus about 
halfway between the fuel nozzles. 

Mod 2 Combustor 


The second modification to the Concept III baseline combustor was to rotate 
the fuel chutes so that the fuel now exited In a countercl^ jkvlse circumferen- 
tial direction around the FZ annulus. There were no other changes made to the 
combustor. The fuel-air map in Figure 55 shows the effect of this mechanical 
change to the direction of the fuel exiting from the chute. In the plane of 
the Instrumentation probes, the fuel Is again predicted to be quite concen- 
trated In a region of the annulus about halfway between the fuel nozzles. 

Mod 3 Combustor 


The third modification to the Concept III baseline combustor was to return the 
fuel chutes to the radially out position of the baseline combustor and to In- 
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create by SOX the amount of air entering through the inner ahell primary holea. 
The aectov fuel-air ratio map for thia modification ia ahown in Figure 56. 
Coupariaon of thia map with the fuel-air ratio map predicted for the baaeline 
configuration ahowa that there ahould be very little difference in theae two 
deaigna. There were no diacernible differencea between the predicted velocity 
dJagrama of the two deaigna. 

Mod 4 Combuator 


The fourth modification to the Concept 111 baaeline combuator waa to cloae off 
the inner ahell PZ air in the mod 3 deaign and to add all of that air to the 
outer ahell primary holea. The fuel chute remained in the radially outward 
poaition. The aector fuel-air ratio map for thia configuration ia ahown in 
Figure 57. Comperiaon with tho baaeline and the mod 3 fuel-air mapa ahowa only 
a minor effect ot the additional outer ahell PZ air on the fuel-air diatribu- 
tion. 

Mod 5 Combustor 

The fifth modification fo the Concept III baaeline combuator waa to cloae off 
the outer ahell PZ air in the mod 3 deaign and to add that air to the inner 
ahell primary holea. The fuel chute remained in the radially outward poaition. 
The aector fuel -air ratio map for thia configuration ia ahown in Figure 58. 
Compariaon with the baaeline, the mod 3, and the mod 4 configuration fuel-air 
mapa ahowa that the annulua haa become more fuel lean near the inner ahell, 
where all of the primary air w^a added. 

Deaign Summary 

A aummary of the radial-plane fuel-air ratio patterna for each of the Concept 
III combuators ia ahown in Figure 59. The 3-D model predicted major changeii 
to the fu -air ratio diatributi^na when the fuel chutea were rotated and tine 
fuel entered the primary cone in different directions. Aa ahown, the model 
predicta that the fuel will r.ot mix well in the primary aone leaving a rich 
region near the outer ahell wall (baaeline, mode 3-5) or producing rich corea 
which may paae through the primary zone altogether. Mode 3-5 attempted to re- 
duce the fuel-air ratio gradient from the inner ahell ‘til to the outer ahell 
wall by adjusting the balanc« between the PZ air added turough the inner and 
outer shell walla. The intent of the Concept III combuator designs waa to 
produce internal aerodynamic changes of itfficient magnitudes that the 3-D 
model results and the experimental test results could be compared to asaeaa 
the prediction accuracy of the model. 
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Figure 6. Dimensional cross section of Concept I, baseline, combustor 
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Figure 7. Predicted average primary aone fuel-air ratio i 
(Concept I, baseline — 80% power). 
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Figure 8. Predicted radial primary zone fuel-air ratio 
(Concept I, baseline — 80% power). 
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Figure 9. Predicted primary zone fuel-air ratio contours 
(Concept I, baseline— 80% power). 
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Figure 10. Predicted primary zone fuel-air contours 
(Concept I, baseline — lOOZ power). 
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Figure 11. Predicted primary zone gas temperature contours 
(Concept I, baseline — lOOZ power). 
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Figure 13. Concept I, baseline, radial plane velocity diagrams. 
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Figure 14. Concept I, baseline, axial plane velocity diagrams. 
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Figure 17. Predicted average primary aone fuel-air ratio 
(Concept I, mod 2— 80Z power). 
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Figure 19. Concept I, mod 2, combustor primery zone 
internal radial velocities prediction. 
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Figure 22. Concept I, mod 3, combustor primary zone internal 
radial velocities prediction. 
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Figure 23. Predicted average primary zone fuel-air ratio 
(Concept I, mod 4 — 80X power). 
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Figure 24. Predicted primary zone fuel-air ratio contours 
(Concept I, mod 4 — 80% power). 



Figure 25. Concept I, mod 4, combustor primary zone internal 
radial velocities prediction. 
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Figure 26. Comparison of Concept I fuel-air ratio contours for 
the baseline and five design mods. 
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Figure 27. Dimensionel cross section of Concept II, baseline, combustor 
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Figure 28. Predicted average primary zone fuel-air ratio 
(Concept II, baseline — 80% power). 
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Figure 29. Predicted primary zone fuel-air ratio 
(Concept II, baseline — 80% power). 
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Figure 30. Predicted primary zone fuel-air ratio contours 
(Concept II, baseline — 80% power). 
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Figure 31. Predicted primary zone fuel-air ratio contours 
(Concept II, baseline — 80% power). 
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Figure 32. Predicted primary zone gas temperature contours 
(Concept II, baseline — ^80% power). 
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Figure 33. Predicted primary zone combustion efficiency contours 
(Concept II, baseline — 802 power). 
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Figure 34. Concept II, baseline, combustor— radial plane 

velocity diagrams. 
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b. Through plane between fuel nozzle 
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Figure 35. 


Concept II, 


baseline, combustor — axial plane velocity diagrams. 
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Figure 36* Predicted average primary zone fuel-air ratio 
(Concept II, mod 1 — 80% power). 
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Figure 37. Predicted primary zone fuel-air ratio contours 
(Concept II, mod 1 — 80% power). 
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Figure 38. Predicted average primary zone fuel-air ratio 
(Concept II, mod 2 — 80% power). 
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Figure 39. Predicted primary aone fuel-air ratio contours 
(Concept II, mod 2~80% power). 
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Figure 40. Predicted average primary rone fuel-air ratio 
(Concept II, mod 3--802 power). 
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Predi.':ted average primary zone fuel-air retio 
(Concept II, mod A— idle power). 
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Figure 43. Predicted primary zone fuel-air ratio contours 
(Concept II, mod 4 — idle power). 
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Figure 47. Predicted radial primary zone fuel-air ratio 
(Concept III, baseline — 802 power). 
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49. Predicted primary zone fuel-air ratio contours 
(Concept III, baseline—SOZ power). 
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Figure 50. Predicted primary zone gas temperature contours 
(Concept III, baseline — 80% power). 
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Figure 51. Predicted primary zone combustion efficiency contours 
(Concept III, baseline — 80% power). 
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Figure 52. Concept III, baseline, radial plane velocity diagrams 
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Figure 53. 
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axial plane velocity diagrams. 
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V. TEST RIG AND INSTRIM: NTATION 


COMBUSTOR TEST RIG 

The GMA500 component test rig was utilized for the performance tasting of these 
small annular gas turbine primary zones. This rig shown in Figure 60* fe/itures 
a rotating temperature and gas sampling probe. 

A cross section of the combustor rig is shown in Figure 61. The engine flow 
path is simulated from the compressor diffuser t j the inlet of the gasifier 
turbine. All parts surrounding the combustor are actual engine hardware. The 
primary zone sections have provision for attachment to a flanged dilution zone 
and a reverse*-flow annular transition section* permitting test evaluations of 
complete combustors. 

Detailed instrumentation provides overall performance measurements at the exit 
of the combustor* and gas sampling probes are used for determining conditions 
in the primary zone. 

In Che exit plane of the combustor, the instrumentation consists of temperature 
rakes and pressure and gas sampling probes as shown in Figure 62. A good sur- 
vey of overall combustion performance is provided since the instrumentation is 
capable of traversing through the entire 360 deg annulus. Probes and rakes 
also survey radial positions, four depths for each of two thermocouple arms, 
three depths for the gas sampling probe, and four depths for the pressure mea- 
surement. 

Primary zone gas sampling is conducted with three or four water-cooled probes 
circumferentially located at fferenC positions relative to the fuel nozzle 
in order to provide representative samples. Figure 63 shows the relative po- 
sition of the PZ gas-sampling probes when testing both the 12 and 16 fuel noz- 
zle systems. The water-cooled primary zone probes are located innediately up- 
stream of Lhe dilution holes. A photograph of the probe is shown in Figure 64 
with a cross section in Figure 65. 

GiVS ANALYSIS SYSTEM 

The NASA PZ gas analysis system consisted of PZ sample probes, a rotating ex- 
haust probe, stainless-steel heated sample lines and sample manifold, a gas 
analyzer train, and a smoke sampling system. The four sample probes were in- 
serted into the primary zone of each combustor in separate planes arranged so 
as to provide good coverage in the circumferential direction relative to fuel 
nozzle location. Concepts 1 and II used 16 fuel nozzles while Concept III used 
only 12 nozzles. The fourth probe (No. 4, Figure 63) was added soon after the 
start of work on Concept III to provide data on the nozzle centerline of Con- 
cept III. Table VI is a listing of the number of primary zone probes surveyed 
for each of the test conditions. 


*The figures for this section appear at the end of the section. 
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Table VI. 

Pritqary gone probes u«ied in each teat configuration. 


Baseline 
Mod 1 
Mod 2 
Mod 3 
Mnd 4 
Mod S 


Concept I 

3 

3 

3 

3 

4 
4 


Concept II 

3 

3 

3 

4 
4 
4 


Concept III 

3 

3 

4 
/• 

4 

4 


A tube was routed from each port to separate fittings on the extern'^l support 
plate of the probe. Four heated sample lines carried the samples from each 
port to four solenoid valves chat were manifolded at their exits. The valves 
for each probe could be actuated singly to obtain a port sample or simultane- 
ously for a rake sample. The PZ rakes were water pooled. 

The exhaust sample probe was also water cooled and consisted of a 6 tmn (0.25 
in.), stainless-steel, multihole tube mounted so that .'.t cotild rotate to any 
circumferential location in the exhaust stream. The exhaust sample line was 
also heated and brought the sample gas from the exhaust proh' to a solenoid 
valve whose exit formed part of the sample manifold. Thus with lour PZ sample 
probes of four ports each and the exhaust sample, the completed sample array 
was able Co deliver 17 separate samples. 

The resultant sample manifold had a static-pressure tap, reverse purge capa- 
bility, and two sample-line exits. The static-pressure tap was used to monitor 
the sample-line pressure. Reverse purging of the separate sample lines was 
performed frequently to ensure adequate sample flow. The purge system was 
simply a nitrogen tank with a high-pressure regulator connected to the sample 
manifold through a length of high-pressure hose. The nitrogen tank was located 
in the control room so that it could be used without having to go into the test 
cell during the run. 

Of the two, heated, 6 mm sample lines, one led to Che gas analyzer train in 
the test cell. A schematic of the analyzer train is given in Figure 66. Mea- 
sured species were carbon monoxide (CO), carbon dioxide (CO 2 ), oxygen (O 2 ), 
unburned hydrocarbons (UHC), and total oxides of nitrogen (NO^)* Although 
not shown, inlet water vapor was measured and used in the chemistry calcula- 
tions. Analyzer outputs we-e read directly by the data acquisition system. 

Data acquisition consisted of a performance run anci two types of gas-analysis 
sampling. Each data run required one reading, each with its cwn reading num- 
ber. To take each type of data, the exhaust probe actuator was preset to stop 
a certain number of times around the combustor annulus; then data were taken 
when the probe was at rest and steady state was achieved. Once the reading 
was begun, the probe could be stopped at any of its preset increments and re- 
main at Che position for as long as needed. In automatic mode the probe would 
reach a position, take the required data, and ionediately continue on to the 
next position. Continuous on-line rig conditions were also monitored. 
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To take a performance-run reading, the probe actuator was set to pause at 10 
deg steps. Temperature, pressure, and flow conditions were taken and then the 
probe continued to the next position. This process repeated until all 36 data 
points were taken, in which case the probe automatically returned in the re- 
verse rotation to Its starting position. All computed data were printed on 
the line printer. Raw data could be stored on floppy disk and cassette tapes 
if desired and were controlled by proper Input commands during prog 'am Ini- 
tialization. 

The second type of data taken was either one of the gas-analysis readlngv, 
which, at the option of the operator, could be either an exhaust survey r a 
PZ-rake survey. Usually the exhaust sample was taken first and then the four 

PZ-rake surveys were taken beginning with rake number one. The same sequence 

of steps was taken for probe actuation except that the probe was stopped after 
each reading to allow the manual input of the analyzer ranges from the keyboard 
console. Also the probe stopped at each 45 deg step giving eight samples per 
exhaust survey. An average exhaust reading was calculated and these values 
were used in the fuel-air ratio and efficiency computations. To take the 
chemistry samples, the analyzers were zero checked with an inert purge gas 
flowing through them. These were zeroed op the concentration range on which 
the sample would be read to give maximum but less than full-scale voltage out- 
put for each species. The analyzers were then switched to sample mode and the 
exhaust solenoid valve switched on. At each sample stop of the probe, a set- 
tling time of at least 90 sec was required to allow steady flow to all analy- 

zers. Smoke measurements were taken at 0 and 180 deg of probe travel after the 
completion of the exhaust survey. The smoke procedure is described later. A 
typical exhaust survey printout Is given In Table VII. 

For the primary zone probe chemistry survey, the probe was set to stop in 90- 
deg steps for four periormance data readings and gas samples. At the first 
stop; port one chemistry was sampled; then port two at 180 deg; and so on. 

An example of the PZ cnemistry printout is shown in Table VIII. A smoke sam- 
ple was taken after the on-line reading by actuating all four solenoid valves 
of the probe being sampled. 

The smoke sample reached the sampling system through the second 6 mm heated 
line that exited the sample manifold from the side opposite the chemistry line. 
To take either an exhaust or a manifolded PZ smoke sample, the gas analyzers are 
taken off sample and the appropriate solenoid valves opened to the smoke anal- 
yzer. Four samples of different volumes of gas are withdrawn and measured for 
a smoke number according to the SAE ARP 1179A procedure (Ref 3). See Figure 67 
for a schematic of the smoke sample system. 
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Table VII. 

Exhaust gas sample survey. 


TS 


ORIGINAI. PAv 

QP POOR QUALITY 


DETROIT DIESEL ALLISON DIVISION COMBUSTION RESEARCH LABORATORY - ROOM 8137 
NASA PRIMARY ZONE STUDY - COMBUSTOR RIG EXPERIMENTAL RESULTS 
RIC BUILDUP 14 TEST SERIES -A TEST DATE: 04/03/82 

NASA PRIMARY ZONE STUDY— CONCEPT 111, HOD. 2 
FUEL TUBES ROTATED TO TANGENT POSITION— CCW LOOKING AT DOME FROM FRONT, 

1(1 4i 4i i«i « 4 < XI * » 4c « iti !*■ imtr i|i 41 * « 

^READING NUMBER 221* 

♦TIME OF DAY! 1338* 

*Xi4i******4i** ******** 


* EXPERIMENTAL BURNER OPERATING CONDITIONS *************** 


BURNER AIR FLOW 

4.587 

LB/SEC 

BURNER INLET TEMF 

625. 

DEC F 

BURNER INLET PRESSURE 

131.4 

PSIA 

BURNER OUTLET TEMP 

1923. 

DEC F 

FLOW FACTOR - FI 

1 . 1499 


AVG TEMPERATURE RISE 

1297. 

DEG F 

BOT T-MAX/T-AVG 

1.2191 


PATTERN FACTOR 

.3247 


BOT HOT SPOT <#38 90) 

2344 . 


SKIN HOT SPCT,#., 1 0 

1490. 

DEG F 

BURNER SYSTEM DELTA-P 

10.85 

"HC 

BURNER SYSTEM LOSS 

4. 06 

y. DP/p 

OUTER CASE OELTA-P 

3.71 

"HG 

OUTER CASE LOSS 

1 .39 

y. DP/p 

BURNER PRIMARY ZONE DP 

-.02 

"HG 

PRIMARY ZONE LOSS 

-.01 

y. DP/P 

OVERALL F/A RATIO 

.01957 


FUEL FLOW RATE 

323.2 

LB/HR 

FUEL INLET TEMP 

73. 

DEG F 

FUEL INLET PRESSURE 

511.9 

PSIA 

FUEL F/M TEMP 

76, 

OEF F 

FUEL F/M PRESSURE 

798.8 

PSIA 

CALCULATED ACD VALUE 

5.199 


FUEL NOZZLE FLOW NO. 

16.45 



************************************************************************** 


EXHAUST DUCT CHEMISTRY RESULTS FROM THE ROTATING PROBE 


PROBE 

02 

C02 

H20 

CO 

CHX 

CL NOX 

ND HO 

ND N02 

ANGLE 

y. 

y. 

CR,'LB 

PPM 

PPM 

PPM 

PPM 

PPM 

225 

13.9 

5.15 

6.3 

39,3 

1 .3 

137.7 

148.4 

. 1 

270 

14.5 

4.55 

6.3 

31.0 

,9 

128.5 

139.4 

. 1 

315 

14,4 

4.61 

6 . 2 

34.6 

. 8 

121 .2 

134.7 

. 1 

36 0 

15.3 

3.92 

6.2 

41.2 

.8 

1 10.8 

120.6 

. 1 

45 

14.6 

4.38 

6.2 

51.7 

.8 

107.4 

122.7 

. 1 

90 

12.0 

6.10 

6.2 

59.8 

t . 0 

160.0 

172.7 

. 1 

135 

14.6 

4.47 

6.2 

36,7 

.6 

117.7 

132.5 

. 1 

180 

14.2 

4.77 

6.3 

29.9 

.6 

124.2 

142.4 

. 1 

AVERAGE: 

14.2 

4.74 

6.2 

40.5 

.8 

125.9 

139.2 

. 1 

EMISSIONS 

INDEX 

- CM/KC 

FUEL: 

1 .73 

. 06 

8.80 

9.26 

.01 


******************************************************************************* 


AVERAGE OF CHEMISTRY CALCULATIONS FOR EACH SAMPLE 


OVERALL FUEL/AIR RATIO 
CALCULATED FUEL/AIR RATIO 

COMBUSTION EFFICIENCY 
CALCULATED 02 
SAMPLE MOLECULAR WEIGHT 
SAMPLE MOLE SUM 
F/A RATIO DEVIATION 


.01957 METERED 
.02328 U/0 02 

.02256 WITH 02 
99.91 X 
13.55 Ji 

28.93 

1 . 01 049 

18.93 y. U/0 02 

15.36 a WITH 02 


66 



Table VIII. 

Primary zone gas sample survey 


ORIGir^AL PAGi 11 
OF POOR QUALITY 


DETROIT DIESEL ALLISON DIVISION COMBUSTION RESEARCH LhBOPATORS' - ROOM Si' 
NASA PRIMARY ZONE STUDY - COMBUSTOR RIO EXPERIMENTAL RESULTS 
RIG BUILDUP 14 TEST SERIES -A TEST DATE: 04/03/82 

NASA PRIMARY ZONE STUDY— CONCEPT III, MOD. 2 
FUEL TUBES ROTATED TO TANGENT POSITION— CCU LOOKING AT DOME FROM FRONT. 
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fREADINC NUMBER 222* 

-TIME OF DAY: 1422* 
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BURNER AIR FLOW 

4.573 

LE/SEC 

BURNER INLET TEMP 

610. 

DEG F 

BURNER INLET PRESSURE 

130.8 

PSIA 

BURNER OUTLET TEMP 

1954 . 

DEG F 

FLOW FACTOR - FI 

1 . 1433 


AVC TEMPERATURE RISE 

1344 . 

DEG F 

BOT T-MAX/T-AVG 

1 . 1944 


PATTERN FACTOR 

.2826 


BOT HOT SPOT (§39 90) 

2334 . 


SKIN HOT SPOT,#, 1 0 

1476. 

DEC F 

BURNER SYSTEM DELTA-P 

10.88 

"HC 

BURNER SYSTEM LOSS 

4 . 09 

y. DP/P 

OUTER CASE OELTA-P 

3.65 

"HG 

OUTER CASE LOSS 

1 .37 

>: DP/F 

BURNER PRIMARY ZONE DP 

- . 03 

"HG 

PRIMARY ZONE LOSS 

-.01 

y. DP/P 

OVERALL F/A RATIO 

.01965 


FUEL FLOW RATE 

323.4 

L8/HR 

FUEL INLET TEMP 

78. 

DEC F 

FUEL INLET PRESSURE 

514.4 

PSIA 

FUEL F/M TEMP 

81 . 

DEF F 

FUEL F/M PRESSURE 

837.2 

PSIA 

CALCULATED ACD VALUE 

5.151 


FUEL NOZZLE FLOW NO. 

16.40 
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PRIMARY ZONE CHEMISTRY RESULTS FROM RAKE NO. 1, SEQUENTIAL PORT SAMPLING 


PORT 

02 

C02 

H20 

CO 

CHX 

CL NOX 

ND NO 

ND N02 

NUMBER 

y. 

y. 

GR/LB 

PPM 

PPM 

PPM 

PPM 

PPM 

1 

7 . 7 

9. 04 

6.7 

2332.5 

54 . 3 

190.4 

180.0 


2 

7.9 

8.97 

6.7 

490 . 1 

2.0 

225.9 

208 . 1 


3 

10.2 

7.48 

6 , 7 

319.8 

.9 

173.0 

174.9 


4 

13.8 

4.95 

6.7 

115.9 

1 .3 

101.2 

113.9 

• 1 

AVERAGE; 

9.9 

7.61 

6,7 

814.6 

14.6 

172.6 

184.2 


EMISSIONS 

INDEX 

- GM/KG 

FUEL: 

21.39 

.60 

7.44 

7.33 

. 00 


********4i*if4i*if*if*ififif*if4iif4iif4iifififififif*ifififif4i*********************************ififif<f>fifif 


CHEMISTRY CALCULATIONS FOR EACH PORT 


RAKE NO. 1 

PORT 

NO. : 

1 

2 

3 

4 

AVERAGE 

CALCULATED 

F/A RATIO W/0 

02: 

. 04669 

. 04520 

. 03735 

. 02436 

. 03832 

CALCULATED 

F/A RATIO WITH 

; 02: 

. 04386 

. 04267 

. 03544 

. 02367 

. 03644 

COMBUSTION EFFICIENCY 

- X: 

98,63 

99.70 

99.76 

99,85 

99.42 


CALCULATED 02 

- y.i 

6.38 

6.73 

9.13 

13.21 

8.86 

SAMPLE 

MOLECULAR WEIGHTS: 

28.88 

28,91 

28.92 

28,93 

28.91 


SAMPLE MOLE 

SUM: 

1.010 

1.010 

1.010 

1.011 

1.010 
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Figure 62. Combustor exit instrumentation. 


12 NOZZLE SYSTEM 


16 NOZZLE SYSTEM 




r /-Fuel injector 



RELATIVE SECTOR POSITION 


mm 


Fuel injector 




RELATIVE SECTOR POSITION 

7E83-1369 


Figure 63. Primary zone probe locations. 
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Figure 66. Emission instrument system arrangement (EPA aircraft system). 
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VI. EXPERIMENTAL AND THEORETICAL RESULTS 


This section describes the component test conditions and procedures, test re- 
sults, and PZ performance predictions. The test plan was structured to f-ovlde 
a systematic test Investigation of three distinctive primary rone concepts and 
the modifications necessary to correlate test results with analytical perfor- 
mance predictions. The test evaluation extended over a typical range of engine 
operating conditions and included the following performance data: outlet gas- 

temperature profile, pressure drop, combustion efficiency, exhaust and PZ 
emissions (CO, UHC, NO^^, and smoke), metal temperature indications (thermo- 
couple or thermal paint), and blow-out limits. All testing was conducted using 
JP-A fuel. 

TEST CONDITIONS 

The design conditions used In the evaluation tests of these primary zones and 
modifications are representative of the design point and part load points as- 
sociated with this size combustor. The range of operating conditions tested 
is shown In Table IX. In addition to these conditions, other test conditions 
were evaluated to explore the effects of loading. 


Table IX. 

Combustor operating conditions. 


Power 

Airflow 

^in 

^out 

^In 


a) 

(kg/s) 

(K) 

(K) 

(MPa) 

F/A 

100 

2.27 

672 

1367 

1.01 

0.0196 

80 

2.09 

594 

1294 

0.90 

0.0195 

50 

1.68 

556 

1144 

0.69 

0.0158 

Idle 

1.04 

456 

867 

0.38 

0.0104 

100 alt* 

1.18 

639 

1367 

0.54 

0.0204 


*Thls altitude condition is simulated at 6096 m elevation. 


The test evaluation of the three primary-zone concepts and five modifications 
each required a total of 108.5 burning hours. This test time was divided among 
the three concepts as follows: Concept I — 47.5 hr. Concept II — 36.5 hr, and 
Concept III — 24.5 hr. This testing can be categorized as follows: 

o stability limits 
o performance and emissions 
o metal temperature determination 

STABILITY LIMITS 

This testing consisted of evaluating each combustor configuration's ability to 
sustain combustion at low fuel flows at the various test operating conditions. 
With the combustor airflow. Inlet temperature, and Inlet pressure maintained 
and the desired test condition and flame stabilized, the following procedure 
was used: Fuel flow was reduced In discrete steps until flame-out occurred 
and the flame did not respond to Increased fuel flow. 
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PERFORMANCE AND EMISSIONS 


Performance and emission tests consisted of measuring parameters at both the 
exhaust station and the PZ sampling station. The following parameters were 
determined at the 8teady-Si.ate operating conditions listed in Table IX: 

o emissions of unburned hydrocarbons, carbon monoxide, carbon dioxide, ox~ 
ygen, oxides of nitrogen, and smoke 
o pressure loss 

o combustor outlet gas-temperature profile 

The instrumentation and data acquisition/reduction system is automated such 
that these data were obtained in a minimal time period after test conditions 
stabilized. The description of this instrumentation is covered in Section V 
and the data acquisition system is covered in Appendix A. 

METAL TEMPERATURE DETERMINATION 

Test evaluation of the adequacy of the Lamilloy wall cooling and film-cooled 
combustor walls was determined by both temperature-sensitive paint and thermo- 
couples attached to the outer wall. Type TP-5 paint was applied to each base- 
line configuration by spraying both internal and external surfaces of the com- 
bustor. When applied, this paint has a purple color. After the combustor is 
run the paint changes to various shades as a function of surface temperature. 
The colors for various temperature ranges for TP-5 paint are listed in Table X. 


Table X. 

TP-5 paint temperature ranges. 



Std. ref 

Temperature 

Color 

code 

(K) 

Blue (purple) 


Below 793 

Pale blue-gray 

N 

793-1133 

Dark blue-gray 

T 

1133-1233 

Blue 

P 

1233-1262 

Midnight blue 

G 

1262-1293 

Matt black 

M 

1293-1323 

Black glaze 

Y 

1323-1344 

Dark blue glaze 

R 

Above 1344 


To obtain a good thermal paint evaluation, ignition is achieved after combustor- 
inlet conditions (100% power) are attained. Fuel flow is maintained at the 
design value for 10-15 min to thermally "set" the paint. 

CONCEPT I BASELINE EXPERIMENTAL RESULTS 

The Concept I combustor has a conventional, swirl -stabilized, double-vortex 
primary zone. Figure 68* is a photograph of Concept I. The Concept I baseline 
test scope consisted of thermal paint evaluation at the 100% power condition. 


*The figures for this section appear at the end of the section. 
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combustor exhaust data at all power conditions, end primary zone emission data 
at idle and 100% power conditions. Also a cold-flow pressure-loss performance 
Was obtained. Table XI presents the measured data for Concept I baseline. 
Figure 69 presents the wall temperature and thermal paint results. The photos, 
taken after a run at 100% power conditions, indicate that the maximum Lamilloy 
wall temperatures occurred in the range of 1133-1233 K on the outside surface 
of the liner and 1262-1283 K on the inside surface. In addition to the thermal 
paint temperature evaluation, eighteen C-A thermocouples were attached to the 
liner outer surface and monitored during all tests. Combustor durability ex- 
perience has previously been based on thermocouple measurements, the placement 
of which was Intended to read the high metal temperature regions on the com- 
bustor liner. During the thermal paint test, the highest metal temperature 
read by the thermocouples was 954 K. The design goal on this measurement basis 
was 1144 K. 

The overall combustor performance, consisting of combustor outlet pattern, 
pressure loss, and exhaust smoke. Is presented In Figure 70. The circumferen- 
tial pattern factor of 0.128 at 100% power condition is a good uniform pattern. 
Exhaust smoke (SAE smoke number) was far below the visible limit. Exhaust 
emission data and efficiency are shown in Figure 71. 

Primary zone emissions data were obtained at idle and 100% power test condi- 
tions utilizing the three fixed-position probes. The following constituents 
were measured: O 2 , CO 2 , H 2 O, CO UHC, NOj^, NO 2 , and smoke. Figure 72 presents 
the primary zone fuel-air ratio, efficiency, and smoke data vs power condition. 
Figure 73 presents the 100% power data in a sector interpretation. The fuel 
nozzle Is located at the 11.25 deg position. 

CONCEPT I BASELINE COMBUSTOR PZ PERFORMANCE ANALYTICAL PREDICTION /TEST DATA 
COMPARISON 

Analytical predictions of the primary zone performance were developed utilizing 
the 3-D model described in Section III. These predicted values are compared 
to the measured values obtained from the primary zone gas-sampling probes dur- 
ing the combustor tests. Both the analytical prediction and the test data 
values will be compared on the same figures for fuel-air ratio, oxides of ni- 
trogen, carbon monoxide, carbon dioxide, and unbumed hydrocarbons. The fuel- 
air ratio distribution in the plane of primary zone sampling probes are con- 
sidered to be the most meaningful from a model verification standpoint. Fig- 
ure 74 presents the comparison of the predicted and measured fuel-air ratio 
values for Idle-power condition. As can be seen from these data, the probes 
have four elements each. Considering that each of these probes Is located in 
a different sector of the PZ annulus and Influenced by separate fuel nozzles, 
the similarity of the analytical and measured data is quite good. 

CONCEPT I MODIFICATIONS AND EXPERIMENTAL RESULTS 

In order to explore the capability of the primary zone analytical-prediction 
model and compare with actual test results, five primary zone modifications 
were analytically modeled and rig tested. These five modifications consisted 
of the following: 

Mod 1: Axial swirlers In the prechamber changed from 45 deg to 30 deg 

(29.6% reduction in swirler area) 
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Mod 2: Mod 1 with primary holes relocated closer to fuel nozzle center- 

line (^ron 5.6 deg to 1.9 deg) 

Mod 3: Mod 1 with double the number of primary holes and double the hole 

area (8 holes per fuel nozzle) 

Mod 4: Mod 1 with 8 primary holes/nozzle but diameters reduced to equal 

bast-llne hole area 

Mod 5: Mod 1 with new higher flow Lamllloy (7.5Z Increase) In combustor 

primary zone walls 

Table XII presents a summary of the measured data for Concept I, mods 1 
through 5. 

The highlights of this summary are as follows: 

o Mod 1, with the 30 deg swlrlers, had little effect upon PZ or exhaust per- 
formance. There was a measured reduction In PZ smoke from an SAE smoke 
number of 55 to 32 

o Mod 2, with the close PZ hole spacing. Increased exhaust pattern factor 
and PZ smoke, decreased PZ efficiency. Increased PZ fuel-air ratio, and 
Increased carbon monoxide 

o Mod 3, with twice as many primary holes (and c corresponding increase In 
primary area), had a 9.5% reduction In measured PZ fuel-air ratio and de- 
creased PZ smoke and carbon monoxide 

o Mod 4, with twice the number of primary holes and no change In total pri- 
mary zone hole area, had an increase In measured PZ fuel-air ratio and 
and a reduction In PZ smoke and carbon monoxide 

CONCEPT I COMBUSTOR MODIFICATIONS PZ PERFORMANCE ANALYTICAL PREDICTION/TEST 
DATA COMPARISON 

The analytical predictions of the primary zone performance were used In deter- 
mining the primary zone modifications that were fabricated and tested. It is 
therefore Important to compare these predicted values with the primary zone 
test results. This comparison is restricted to fuel-air ratio values In the 
axial plane of the primary zone gas-sampling probes and mainly at the 80% 
power condition. The bases for making this comparison are overall average 
value and sector presentation of fuel-air Isopleth. 

The overall average value of the analytically predicted fuel-air ratio at the 
PZ probe location is compared to the measured average value (based on 3 or 4 
probes) in Table XIII. Considering the limited instrumentation and the stage 
of development of the analytical model, these values are in reasonable agree- 
ment. Measured data for mod 5 were considered to be inaccurate and are not 
Included In this table. 

Figure 75 presents a contour plot comparison of the fuel-air ratios of the an- 
alytically predlcteu and measured values. There is considerable similarity 
for most of the configurations evaluated. Modifications 4 and 5 were tested 
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Pressure 


Reading 

Condition 

Neasurement 

drop. X 

91 

Idle 

Exhaust chemistry 

4.49 

92 

Idle 

PZ sequential rake 1 

4.49 

95 

Idle 

PZ sequential rake 2 

4.43 

96 

Idle 

PZ sequential rake 3 

4.43 

97 

Idle 

PZ manifold rake 1 

4.58 

98 

Idle 

PZ manifold rake 2 

4.56 

99 

Idle 

PZ manifold rake 3 

4.59 

100 

Idle 

PZ manifold rake 3 

4.52 

101 

Idle 

Exhaust chemistry 

4.54 

102 

Idle 

No chemistry 

4.49 

103 

lOOX 

Exhaust chemistry 

3.75 

104 

100X 

No chemistry 

3.74 

105 

100X 

PZ manifold rake 1 

3.69 

106 

lOOX 

PZ manifold rake 2 

3.74 

107 

100X 

PZ manifold rake 3 

3.73 

108 

Alt 

Exhaust chemistry 

3.69 

109 

Alt 

No chemistry 

3.67 

no 

SOX 

Exhaust chemistry 

3.60 

111 

dOX 

No chemistry 

3.55 

112 

SOX 

Exhaust chemistry 

3.85 

113 

SOX 

No chemistry 

3.82 

114 

100X 

No chemistry 

3.60 

115 

100X 

No chemistry 

3.60 


Concept 


Hot Avg Pattern Smoke, Fue1-a1r_ri 

skin, K skin. K factor SAE No. Lean blowout | 


744 

587 



753 

591 



747 

596 



748 

597 



742 

594 


7 

759 

597 


0 

757 

594 


0 

756 

598 



769 

599 



789 

604 

0.155 


1016 

859 


0 

999 

858 



1014 

861 


92 

999 

857 


36 

998 

858 


36 

1078 

876 



1G83 

879 

0.187 


933 

778 


5 

941 

782 

0.150 


854 

711 


0 

851 

717 

0.178 


954 

887 

0.162 


945 

881 

0.156 



original 

POOR QUALITY 



Tabic XI. 

Concept I, base- Inc, teat data naawary 


Avg 

skln,^ 

Pattern 
K factor 

Stnoke, 
SAE No. 

Fuel -air ratio 
Lean blowout themlcal 

CO 2 , 

% 

Efficiency, 

% 

‘Emission Indices 

587 



0.0108 

2.19 

98.76 

36.1 

4.2 

1.1 

591 



0.0226 

4.53 

99.00 

40.8 

0.5 

4.0 

596 



0.0121 

2.44 

98.88 

38.2 

2.5 

1.1 

597 



0.0200 

4.08 

99.68 

12.2 

0.3 

2.7 

594 


7 

0.0233 

4.62 

98.60 

59.2 

0.3 

2.9 

597 


0 

0.0120 

2.40 

98.21 

57.8 

4.9 

O.S 

594 


0 

0.0177 

3.61 

99.57 

17.1 

0.3 

2.3 

598 



0.0184 

3.76 

99.66 

13.7 

0.1 

2.5 

599 



0.0103 

2.10 

98.90 

35.4 

2.9 

1.5 

604 

0.155 








859 


0 

0,0222 

4.54 

99.91 

1.1 

0.0 

11.9 

858 









861 


92 

0.0436 

8.07 

96.05 

120.6 

12.3 

6.8 

857 


36 

0.0202 

4-12 

99.77 

8.0 

0.1 

8.2 

858 


36 

0.0399 

7.93 

99.51 

19.1 

0.1 

9.2 

876 



0.0232 

4.73 

99.92 

1.4 

0.0 

8.1 

879 

0.187 








778 


5 

0.0211 

4.30 

99.91 

1.5 

0.1 

9.8 

782 

0.150 








711 


0 

0.0163 

3.34 

99.89 

3.2 

0.0 

6.4 


717 P.178 
887 0.162 
881 0.156 
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Concept I» 


Concept 1. Mod 1 


Readinq 

Condition 

Measurement 


Pressure 
drop. % 

Hot 

skin. K 

Avg 

skin. 

Pattern Smoke, 

K factor SAE No. 

Fuel -air rat 
Lean blowout Cl 

165 

Idle 

No chemistry 


4.51 

729 

596 

0.191 


0.0032 

166 

Idle 

Exhaust chemistry 


4.38 

718 

606 



C 

167 

Idle 

PZ sequential rake 

1 

4.38 

716 

605 


0 

C 

168 

Idle 

PZ sequential rake 

2 

4.57 

719 

601 


0 

C 

169 

Idle 

PZ sequential rake 

3 

4.21 

727 

594 


0 

0 

170 

80X 

No chemistry 


3.55 

870 

736 

0.147 


0.0018 

171 

80X 

Exhaust chemistry 


3.64 

874 

740 


0 

0 

172 

80% 

PZ sequential rake 

1 

3.49 

892 

744 


77 

c 

173 

80% 

PZ sequential rake 

2 

3.49 

860 

736 


24 

0 

174 

80% 

PZ sequential rake 

3 

3.55 

855 

738 


82 

0 

175 

100% 

No chemistry 


3.49 

956 

846 

0.133 



176 

100% 

PZ sequential rake 

1 

3.53 

970 

848 


56 

0 

177 

100% 

PZ sequential rake 

2 

3.44 

972 

854 


16 

•J 

178 

100% 

PZ sequential rake 

3 

3.43 

995 

852 


23 

0 








Concept 

1. Mod 

2 





Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel-air rat 

Readinq 

Condition 

Measurement 


drop. % 

skin, K 

skin. 

K factor 

SAE No. 

Lean blowout Cf« 

189 

Idle 

No chemistry 


4.15 

721 

611 

0.128 


0.0040 

191 

Idle 

Exhaust chemistry 


4.06 

704 

597 


0 

0 

192 

Idle 

PZ sequential rake 

1 

4.09 

704 

592 


0 

0 

193 

Idle 

PZ sequential rake 

2 

4.09 

700 

591 


0 

0 

194 

Idle 

FZ sequential rake 

3 

4.10 

680 

586 


0 

G 

195 

80% 

No chemistry 


3.56 

908 

791 

0.171 



196 

80% 

Exhaust chemistry 


3.54 

904 

791 


0 

0 

197 

80% 

PZ sequential rake 

1 

3.57 

899 

791 


51 

0 

198 

80% 

PZ sequential rake 

2 

3.46 

897 

780 


100 

Q 

199 

80% 

PZ sequential rake 

3 

3.57 


774 


91 

C 

201 

100% 

No chemistry 


3.63 

959 

872 

0.200 



202 

100% 

Exhaust chemistry 


3.60 

956 

868 


16 

C 

203 

80% 

No chemistry 


3.57 

928 

808 

0.193 



205 

80% 

PZ sequential rake 

1 

3.45 

891 

791 


70 

c 

206 

80% 

PZ sequential rake 

2 

3.44 

912 

783 


93 

c 

207 

80% 

PZ sequential rake 

2 

3.57 

922 

784 


85 

0.0020 C 
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Table XII. 

Concept I, mods 1-5, test data summary. 


Concept 1. Mod 1 


Avg 

Pattern 

Smoke, 

Fuel -air 

ratio 

C02, 

Efficiency, 

Bnission indices 

skin. 

K factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 

CO 

or 


596 

0.191 


0.0032 





— X 


606 




0.0108 

2.21 

99.26 

25.6 

1.5 

3.2 

605 


0 


0.0189 

3.81 

99.23 

29.5 

0.9 

2.3 

601 


0 


0.0156 

3.09 

98.08 

57.1 

6.3 

1.3 

594 


0 


0.0222 

4.51 

99.76 

8.7 

0.3 

3.6 

736 

0.147 


0.0018 







740 


0 


0.0216 

4.42 

99.91 

1.7 

0.1 

8.4 

744 


77 


0.0403 

7.81 

98.40 

61.3 

1.7 

6.9 

736 


24 


0.0287 

5.81 

99.82 

5.8 

0.1 

5.6 

738 


82 


0.0526 

9.99 

98.10 

79.5 

0.5 

7.7 

846 

0.133 









848 


56 


0.0355 

7.03 

99.18 

30.0 

0.9 

9.3 

854 


16 


0.0299 

6.04 

99.71 

9.7 

0.2 

9.6 

852 


23 


0.0457 

9 r** 

99.46 

20.5 

0.1 

11.2 


Concept 

1. Mod 

2 







Avg 

Pattern 

Smoke, 

Fuel-air 

ratio 

C02. 

Efficiency, 

Emission indices 

skin. 

K factor 

SAE No. 

Lean blowout 

''hemical 

% 

% 

CO 

CH^ 


61 1 

0.128 


0.0040 







597 


0 


0.0116 

2.36 

99.01 

30.5 

3.0 

2.6 

592 


0 


0.0167 

3,36 

98.95 

34.1 

2.8 

2.6 

591 


0 


0.0136 

2.73 

98.58 

38.9 

5.4 

2.4 

586 


0 


0.0257 

5.15 

99.34 

24.3 

1.0 

3.0 

791 

0.174 









791 


0 


0.0228 

4.65 

99.92 

1.4 

0.0 

8.1 

791 


51 


0.0484 

9.36 

98.74 

51.4 

0.5 

7.1 

780 


100 


0.0470 

7.70 

87.31 

167.0 

93.6 

5.0 

774 


91 


0.0508 

9.40 

96.74 

122.9 

4.4 

6.9 

872 

0.200 









868 


16 


0.0239 

4.87 

99.91 

0.9 

0.1 

13.0 

808 

0.193 









791 


70 


0.0484 

9.16 

97.78 

90.9 

1.0 

10.3 

783 


9Z 


0.0423 

7.21 

89.82 

158.9 

63.9 

6.7 

784 


85 

0.0020 

0.0609 

11.01 

96.31 

150.9 

2.0 

8.7 
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Pressure 


Reading 

Condition 

^teasurelnent 

drop, X 

214 

SOX 

No chemistry 

3.23 

215 

8GX 

Exhaust chemistry 

3.45 

216 

80% 

PZ sequential rake 1 

3.34 

217 

SOX 

PZ sequential rake 2 

3.29 

218 

SOX 

PZ sequential rake 3 

3.42 

219 

lOOX 

No chemistry 

3.37 


Pressure 


Reading 

Condition 

Measurement 

drop, X 

236 

SOX 

No chemistry 

3.59 

237 

80X 

Exhaust chemistry 

3.64 

238 

SOX 

PZ sequential rake 1 

3.52 

239 

SOX 

PZ sequential rake 2 

3.44 

240 

SOX 

PZ sequential rake 3 

3.60 

241 

SOX 

PZ sequential rake 4 

3.54 

242 

lOOX 

No chemistry 

3.79 


Reading 

Condition 

Measurement 


Pressure 
drop, X 

286 

SOX 

No chemistry 


4.19 

287 

SOX 

Exhaust chemistry 


4.30 

288 

SOX 

PZ sequential rake 

1 

4.25 

289 

SOX 

Pi sequential rake 

2 

4.27 

290 

SOX 

PZ sequential rake 

3 

4.24 

291 

SOX 

PZ sequential rake 

4 

4.23 

292 

SOX 

No chemistry 


5.73 

293 

lOOX 

No chemistry 


4.14 


OF POOR QUALITY 


Table XII. (cont) 


Concept It Mod 3 


Avg Pattern Smoke, 
skin, K factor SAE No. 

Fuel-air ratio 
Lean blowout Chemical 

1: 

Efficiency, 

X 

Emission indices 

ci5 55;; 55 ^ 

0.199 

0.0012 







12 


0.0214 

4.38 

99.94 

0.9 

0.0 

9.9 

48 


0.0326 

6.54 

99.65 

13.4 

0.1 

7.4 

12 


0.029S 

6.03 

99.93 

1.4 

0.0 

7.4 

37 


0.0487 

9.38 

98.55 

60.0 

0.5 

8.5 

0.243 

0.0016 







Concept 1. Mod 

4 







Avg Pattern Siroke, 

Fuel-air ratio 

C02, 

Efficiency, 

Emission Indices 

skin, K factor SAt N"). 

Lean blowout 

Chemical 

% 

X 


— X 

NO^ 

0/154 

0.0015 







4 


0.0218 

4.46 

99.92 

1.1 

0.0 

11.4 

36 


0.0480 

9.28 

98.62 

57.4 

0.3 

8.7 

8 


0.0337 

6.79 

99.84 

4.9 

0.0 

9.3 

23 


0.0500 

9.77 

99.16 

34.6 

0.1 

9.1 

25 


0.0288 

5.80 

99.68 

12.4 

0.1 

7.9 

0.184 0 

0.0016 







Concept 1, Mod 

_5 







Avg Pattern Smoke, 

Fuel-air 

ratio 

C02, 

Efficiency, 

Emission Indices 

skin, K factor SAE No. 

Lean blowout 

Chemical 

% 

X 

CO 



0.215 

0.0020 







11 


0.0215 

4.39 

99.90 

1.6 

0.3 

9.1 

45 


0.0234 

4.72 

99.52 

19.5 

0.1 

5.5 

28 


0.0170 

3.47 

99.44 

4.4 

4.6 

5.1 

27 


0.0306 

F.17 

99.73 

9.9 

0.1 

6.8 

14 


0.0256 

5.17 

99.53 

17.6 

0.4 

6.6 


0.?14 5 

0.168 5 0.0020 O-’i''. 
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Table Xlll. 

Fuel-air ratloa — Concept I. 




Fuel- 

air ratio 

Percent 

Mod 

Test condition 

Predicted 

Measured 

difference 

Baseline 

100% 

0.0474 

0.0346 

+37 

1 

80% 

0.0508 

0.0474 

+7.2 

2 

80% 

0.0511 

0.0488 

+4.7 

3 

80% 

0.0428 

0.0370 

+15.7 

4 

80% 

0.0489 

0.0401 

+21.9 

with the fourth primary zone probe installed. 

This additional probe improves 


Che sector interpretation, as can be seen in Figure 75. 

CONCEPT II BASELINE EXPERIMENTAL RESULTS 

The Concept II combustor has a double-vortex swirl-stabilized reverse-circula- 
tion primary zone. Figure 76 is a r'-'‘tograph of Concept II. 

The Concept II baseline test scov-^ . r /sted of a thermal paint evaluation at 
100% power condition and combustoi £ ^ c data at 100%, 80%, 50%, idle, and 
100% altitude test cuuditlons. ^one emission data were obtained at 

90% and idle power conditions. Table XIV presents the measured data for the 
Concept II baseline. Figure 77 presents the wall temperature and thermal paint 
results. As can be seen from these photos, the outside wall temperature was 
1133-1232 K maximum in the dome area close to the fuel nozzle locations and 
1293-1323 K on the inner wall. 

Exhaust temperature pattern and profile are presented in Figure 78. The cir- 
cumferential pattern factor of 0.216 at 100% is an acceptable value. The ra- 
dial gradient of 36 K indicates a relatively uniform profile. The radial gra- 
dient is defined as the difference between the maximum and the minimum radial 
average temperatures. 

Combustor exhaust emission indices for CO, UHC, and NOjj and thei- corre- 
sponding combustion efficiencies over the power range are presented in Figure 
79. These levels are similar ^o values obtained with Concept I baseline. 

Primary zone emission data, which Include CO, UHC, NO^, and smoke, were ob- 
tained at idle and 80% power conditions. The average fuel-air ratio, combus- 
tion efficiency, and primary zone smoke versus power condition curves are pre- 
sented in Figure 80. Figure 81 presents combustion efficiency, CO, and NO^ 
data at 80% power condition in a sector interpretation. The fuel nozzle is 
located at 11.25 deg position. The average, measured, primary zone combustion 
efficiency of 99.47% Indicates a high degree of completed reactions at this 
plane. The zone between fuel nozzles was slightly depressed in efficiency. 

CONCEPT II BASELINE COMBUSTOR P2 PERv’ORMANCE ANALYTICAL PREDICTION/TEST DATA 
COMPARISON 

The analytical prediction of the PZ performance for the Concept II baseline 
design indicates a high fuel-air ratio in the area of the fuel nozzle at 80% 
power condition. The hub area is predicted to have a very high fuel-air ratio 
(above 0,10). 
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The test results at 80% power simulations gave a uniform fuel-air ratio profile 
except in the center of the passage between fuel nozzles. These data are pre- 
sented in Figure 82. This does not represent a good correlation between model 
prediction and test data. 

Figure 83 Is this same measured data as compared to a circumferential average 
and a radial prediction in the plane of the PZ probes. From this presentation 
It Is evident that the measured values did not correlate well with the pre- 
dicted values for probes 1 and 2. 

CONCEPT II MOD FICATIONS AND EXPERIMENTAL RESULTS 

The Concept II combustor primary zone section was modified Into a total of five 
configurations. These modifications to this swirl-stabilized, double-vortex 
reverse-circulation concept consisted of evaluating a reduction in primary zone 
equivalence ratios (^pg) and an Increase In fuel injector spacing. These 
modifications consisted of the following: 

Mod 1: Axial swirlers In prechamber changed from 30 deg to 45 deg (42% 

Increase in swlrler flow ares), - 1.041 

Mod 2; Mod 1 with primary hole area increased 50%, ^pg ■ 0.969 

Mod 3: Mod 1 with primary hole area increased 100%, ^pg “0.903 

Mod 4; Mod 3 with one half of the fuel injectors Inoperative (8 injectors 

operative); this gave a fuel spacing ratio L/h ■ 2.8 

Mod 5: Mod 3 with primary air relocated in sector of active fuel Injectors 

(8 injectors operative per mod 4) 

Table XV presents a summary of the measured data for Concept II, mods 1 
through 5. 

The highlights of this summary are as follows: 

0 All combustors, as well as the baseline configuration, exhibited a high 
combustion efficiency at the primary zone station. 

o The measured maximum wall temperature Increased with the Increase In pri- 
mary hole area. 

o The testing with only eight fuel nozzles operational was limited to idle 
evaluation because of the high values of pattern factor. Pattern factor 
was much Improved with the primary-air redistribution close to active fuel 
nozzles (0.54 to 0.36) 

0 Exhaust smoke was far below the visible area (SAE Smoke No. “ 5). 

CONCEPT II COMBUSTOR MODIFICATIONS PZ PERFORMANCE ANALYTICAL PREDICTION/TEST 
DATA COMPARISON 

Analytical predictions of the primary zone performance were made for mods 1 
through 4 of Concept II. A problem In matching the aerodynamic changes to the 
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Coneeg| 


Pressure 


Reading 

Condition 

Measurement 


drop. % 

116 

100X 

No chemistry 


3.63 

117 

100X 

No chemistry 


3.52 

124 

Idle 

No chemistry 


3.66 

125 

Idle 

Exhaust chemistry 


3.63 

126 

Idle 

PZ sequential 'ake 

1 

3.64 

127 

Idle 

PZ sequential rake 

2 

3.67 

128 

Idle 

PZ sequential rake 

3 

3.63 

129 

Idle 

Exhaust chemistry 


3.70 

130 

Idle 

No chemistry 


3.72 

133 

Alt 

Exhaust chemistry 


3.45 

134 

Alt 

No chemistry 


3.38 

135 

Alt 

Exhaust chemistry 


3.35 

136 

50X 

Exhaust chemistry 


3.52 

137 

50X 

No chemistry 


3.51 

138 

80X 

No chemistry 


3.67 

139 

BOX 

Exhaust chemistry 


3.63 

140 

80X 

PZ sequential rake 

1 

3.60 

141 

80X 

PZ sequential rake 

2 

3.53 

142 

80X 

PZ sequential rake 

2 

3.47 

143 

80X 

PZ sequential rake 

3 

3.63 

144 

80X 

PZ sequential rake 

3 

3.61 


Hot Avg Pattern Smoke, Fuel -air 

skin. K skin. K factor SAE Ho. Lean blowout 


968 

873 

0.216 


994 

866 

0.220 


705 

563 

0.175 


707 

567 



718 

569 


6 

731 

571 


10 

729 

569 


0 

730 

570 



734 

569 

0.169 


1039 

881 



1031 

873 

0.203 


1028 

869 



859 

719 



856 

714 

0.237 


96^ 

821 

0.354 


968 

824 



934 

809 


34 

921 

798 


61 

922 

797 


66 

922 

797 


0 

931 

804 




Gr: POOH QUALITY 




EliAMS 


Table XIV. 

CoiK:ept II, baseline, test date sunmery 


;lc1n. 

K factor 

SAE No. Lean blowout 

Chemical 


% 

CI5 



873 

0.216 








866 

0.220 








563 

0.175 








567 



0.0097 

1.95 

98.26 

40.8 

8.3 

1.9 

569 


6 

0.0139 

2.79 

98.53 

38.4 

6.1 

2.9 

571 


10 

0.0201 

3.98 

97.87 

44.3 

11.7 

2.5 

569 


0 

0.0129 

2.51 

95.93 

71.4 

25.6 

0.8 

570 



0.0096 

1.94 

98.42 

39.4 

7.0 

1.2 

569 

0.169 








881 



0.0176 

3.60 

99.89 

1.6 

0.2 

13.6 

873 

0.203 








869 



0.0212 

4.33 

99.91 

1.5 

0.1 

10.7 

719 



0.0162 

3.32 

99.91 

2.1 

0.1 

8.4 

714 

0.237 








821 

0.354 








824 



0.0205 

4.19 

99.92 

1.2 

0.0 

10.8 

809 


34 

0.0345 

6.91 

99.73 

9.8 

0.1 

8.8 

798 


61 

0.0462 

8.79 


88.5 

0.3 


797 


66 

0.0343 

6.80 

99.20 

31.3 

0.4 

10.1 

797 


0 

0.0266 

5.36 

99.62 

13.4 

0.4 

8.4 

804 



0.0244 

4.96 

99. 9C 

2.4 

0.1 

7.7 
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Concept H 


ORlGt^L PAGE IS 

OE POOR QUALITY Concept II. Mod 1 


Readlnq 

Condition 

Neasurement 


Pressure 
drop. % 

Hot 

skin. K 

Avg 

skin. 

Pattern 
K factor 

Smoke, 
SAE No. 

Fuel -air ri 
Lean blowout 1 

179 

Idle 

No chemistry 


3.41 

716 

585 

0.172 


0.0050 

180 

80X 

No chemistry 


3.29 

901 

800 

0.274 


0.0040 

181 

80X 

Exhaust chemistry 


3.26 

901 

806 


0 


183 

80X 

PZ sequential rake 

1 

3.29 

906 

799 


7 


184 

80X 

PZ sequential rake 

2 

3.23 

903 

796 


16 


185 

60% 

PZ sequential rake 

3 

3.36 

904 

798 


21 


186 

}0O% 

No chemistry 


3.57 

973 

880 

0.216 

21 


187 

100X 

Exhaust chemistry 


3.59 

973 

880 


5 

0.0025 








Concept II. Mod 2 





Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel -air n 

Reading 

Condition 

Measurement 


drop. % 

skin. K 

skin. 

K factor 

SAE No. 

Lean blowout ( 

208 

80% 

No chemistry 


3.57 

1011 

843 

0.237 


0.0020 

209 

80% 

Exhaust chemistry 


3.46 

1003 

843 


8 


210 

80% 

PZ sequential rake 

1 

3.51 

987 

838 


27 


211 

80% 

PZ sequential rake 

2 

3.41 

987 

838 


33 


212 

80% 

PZ sequential rake 

3 

3.44 

978 

835 


29 


213 

100% 

No chemistry 


3.69 

1063 

930 

0.238 


0.0015 








Concept II. Mod 

_3 





Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel -air r 

Readlnq 

Condition 

Measurement 


drop. % 

skin, K 

skin. 

K factor 

SAE No. 


227 

Idle 

No chemistry 


3.56 



0.197 



228 

Idle 

Exhaust chemistry 


3.57 




0 


229 

80% 

No chemistry 


3.51 



0.180 



230 

80% 

Exhaust chemistry 


3.25 




0 


231 

80% 

PZ sequential rake 

1 

3.29 




55 


232 

80% 

PZ sequential rake 

2 

3.24 




27 


233 

80% 

PZ sequential rake 

3 

3.26 




8 


234 

80% 

PZ sequential rake 

4 

3.22 




29 


235 

100% 

No chemistry 


3.35 



0.198 



243 

Idle 

No chemistry 


3.32 



0.665 


HiVi 

244 

Idle 

No chemistry 


3.18 



0.156 



245 

Idle 

No chemistry 


3.46 



0.530 



246 

Idle 

No chemistry 


3.38 



0.569 



247 

Idle 

No chemistry 


3.80 



0.267 



248 

Idle 

PZ sequential rake 

1 

0.86 






249 

Idle 

PZ sequential rake 

2 

3.82 






250 

Idle 

PZ sequential rake 

3 

3.79 






251 

Idle 

PZ sequential rake 

4 

3.84 
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Concept II. Mod 1 


Table XV. 

Concept II. mode 1-5. teat data summary. ORIGINAL PAGl; Is 

DE.pqor quality 


Avg 

Pattern 

Sffioke. 

Fuel -air ratio 

CO2, 

Efficiency, 

Emission indices 

skin^ 

K factor 

SAE No. 

Lean blowout 

Chemical 

t 

% 



NO^ 

585 

0.172 


0.0050 







800 

0.274 


0.00^0 







806 


0 


0.0217 

4.42 

99.90 

1.5 

0.1 

11.4 

799 


7 


0.0372 

7.46 

99.79 

7.4 

0.0 

8.4 

796 


If. 


0.0270 

5.43 

99.49 

20.0 

0.1 

10.5 

798 


21 


0.0322 

6.47 

99.70 

10.9 

0.0 

10.3 

880 

0.216 

21 








880 


5 

0.0025 

0.0209 

4.27 

99.90 

1.1 

0.0 

15.6 


Concept II. Mod 








Avg 

Pattern 

Smoke, 

Fuel -air ratio 

CO2, 

Efficiency, 

Emission Indices 

skin. 

K factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 

1 

^1 

CHy 


843 

0.237 


0.0020 







843 


8 


0.0212 

4.33 

99.92 

1.2 

0.1 

10.7 

838 


27 


0.0282 

5.70 

99.74 

9.4 

0.1 

8.5 

838 


33 


0.0371 

7.33 

99.13 

35.6 

0.2 

9.7 

835 


29 


0.0280 

5.66 

99.71 

10.0 

0.1 

10.6 

930 

0.238 


0.0015 








Concept II. Mod 3 







Avg 

Pattern 

Smoke, 

Fuel-air ratio 

CO2, 

Efficiency, 

Emission Indices 

skin. 

K factor 

SAE No. 

Lean blowout 

Chemical 

t 

X 





0.197 


0.0050 









0 


0.0109 

2.02 

92.70 

121.3 

47.8 

2.1 


0.180 


0.0020 









0 


0.0219 

4.46 

99.88 

1.2 

0.4 

12.0 



55 


0.0323 

6.42 

99.15 

33.3 

0.5 

9.7 



27 


0.0251 

5.07 

99.57 

15.1 

0.3 

11.7 





0.0336 

6.77 

99.81 

5.0 

0.4 

9.4 



2y 


0.0270 

5.42 

99.30 

26.2 

0.6 

9.6 


0.198 


0.0017 








0.665 


0.0060 








0.156 










0.530 










0.569 


0.0065 








0.267 













0.0222 

4.34 

97.19 

62.2 

14.7 

2.4 





0.0254 

5.00 

97.67 

51.6 

12.1 

2.3 





0.0199 

3.99 

98.85 

35.5 

3.5 

2.7 





0.0272 

5.25 

96.68 

73.7 

17.3 

2.2 


pace blank 
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Concept II. Mod 4 


Pressure 


Reading 

Condition 

Measurement 


droe^ 

252 

Idle 

No chemistry 


3.26 

253 

Idle 

No chemistry 


3.67 

254 

Idle 

Exhaust chemistry 


3.58 

255 

Idle 

Exhaust chemistry 


3.65 

256 

Idle 

PZ sequential rake 

1 

3.65 

257 

Idle 

PZ sequential rake 

2 

3.66 

258 

Idle 

PZ sequential rake 

3 

3.67 

255 

Idle 

PZ sequential rake 

4 

3.65 


Reading 

Condition 

Measurement 


Pressure 
drop. % 

267 

Idle 

No chemistry 


3.64 

268 

Idle 

Exhaust chemistry 


3.56 

269 

Idle 

PZ sequential rake 

1 

3.49 

270 

Idle 

PZ sequential rake 

2 

3.49 

271 

Idle 

PZ sequential rake 

3 

3.47 

272 

Idle 

PZ sequential rake 

4 

3.44 

273 

Idle 

No chemistry 


3.91 

274 

Idle 

Exhaust chemistry 


3.76 

275 

Idle 

PZ sequential rake 

1 

3.67 

276 

Idle 

PZ sequential rake 

2 

3.64 

277 

Idle 

PZ sequential rake 

3 

3.80 

278 

Idle 

PZ sequential rake 

4 

3.78 


Hot Avg Pattern Smoke, Fuel ‘aij 

skin, K skin, K factor SAE No. L ean blowour 

0.0038 


0 
0 
8 
69 
0 
18 

Concept II, Mod 5 | 

Hot Avg Pattern Smoke, Fuel -alf 

skin, K skin. K factor SAE No. Lean blowout 


0.539 

0.504 


0.366 0.0040 

0 
0 
0 
0 
0 

0.348 

0 

3 

22 

0 

0 


OF 



LOLDOUT 


Table ICV. (cont) 


Concept II. Mod 4 


Avg 

Pattern 

Smoke, 

Fuel -air ratio 

CO?, 

Efficiency, 

Emission Indices 

skin. 

K factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 





0.539 


0.0038 








0.504 











0 


0.0120 

2.42 

98.28 

38.1 

8.8 

4.1 



0 


0.0152 

3.06 

98.60 

29.0 

7.6 

4.2 



8 


0.0284 

5.56 

97.75 

46.5 

12.4 

3.7 



69 


0.0374 

7.08 

97.11 

102.0 

5.6 

4.8 



0 


0.0120 

2.43 

98.84 

29.0 

5.1 

4.3 



18 


0.0359 

6.31 

92.43 

179.9 

36.4 

2.4 


Concept II. Mod 5 


Avg Pattern 

Smoke, 

Fuel-air 

ratio 

CO?, 

Efficiency, 

Emission indices 

skin, K factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 

CO 



0.366 


0.0040 








0 


0.0105 

2.07 

97.00 

52.2 

19.1 

2.7 


0 


0.0138 

2.69 

96.22 

67.3 

23.7 

2.6 


0 


0.0190 

3.76 

97.52 

46.5 

14.9 

3.3 


0 


0.0102 

2.03 

97.81 

40.9 

13.2 

2.8 


0 


0.0106 

2.08 

96.39 

61.4 

23.3 

2.2 

0.348 










0 


0.0126 

2.54 

98.67 

32.2 

6.2 

3.1 


3 


0.0232 

4.57 

98.06 

59.4 

6.1 

2.5 


22 


0.0388 

7.50 

98.07 

70.4 

3.3 

3.4 


0 


0.0131 

2.66 

99.02 

24.7 

4.3 

3.1 


0 


0.0180 

3.55 

97.78 

61.7 

8.5 

2.0 
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analytical model prevented the prediction for mod 5. Again the fuel-air ratio 
data la compared to the predicted values. Thla comparlaon la shown In Figure 
84. It can be seen that from these contour plots that rig data do not agree 
with the predictions either In shape or level. 

The absolute level of predicted and measured fuel-air ratios Is shown In Tabic 
XVI. The measured values represent approximately 2/3 the value for the calcu- 
lated value. This could be a result of Inadequa .w sampling positions or pre- 
dicted value shortcomings. 


Table XVI. 



Fuel-air 

ratios — Concept 

II. 




Fuel-air 

ratio 

Percent 

Mod 

Test condition 

Predicted 

Measured 

different 

Baseline 

80% 

0.0496 

0.0331 

+49.9 

1 

80% 

0.0484 

0.0321 

+50.8 

2 

80% 

0.0448 

0.0311 

+44.1 

3 

80% 

0.0412 

0.0295 

+39.7 

4 

Idle 

0.0266 

0.0283 

- 6.0 


CONCi^PT III BASELINE EXPERIMENTAL RESULTS 

The Concept III combustor features a single-vortex primary zone with a 25% re- 
duction In the number of fuel Injectors (12 Instead of 16). Figure 85 Is a 
photograph of Concept III. 

Concept III baseline testing consisted of the following: 
o thermal paint at 100% power 

o exhaust performance at 100%, 80%, 50%, and Idle power 
o primary zone emissions at 80% power 

Table XVII presents the measured data for the Concept III baseline. Figure 86 
presents the wall temperature and thermal-paint results. The Concept III con- 
figuration exhibited localized hot zones In the plane of the fuel Injector. 
Thermal paint results Indicates these areas are In the 1323-1344 K temperature 
range. The film cooling of the dome portion of this design appears to be In- 
adequate for 100% power operation. 

Exhaust temperature profile and pattern factor versus power plots are presented 
in Figure 87. The clrciuoferentlal pattern factor of 0.189 at 100% power for a 
new primary zone concept Indicates a uniform gas temperature profile. The 
level of pattern factor was not affected by power condition. The radial gra- 
dient of 30 K Indicates a relatively uniform profile. 

Combustor exhaust emission level Indices for CO, UHC, and NOj^ and corre- 
sponding combustion efficiency over the power range Is presented In Figi\re 88. 
These levels are similar to values obtained with Concept I and II. 

Primary zone emission data were obtained at 80% power condition. Figure 89 
presents the combustion efficiency, carbon monoxide, and oxides of nitrogen 
data In a sector Interpretation. The fuel nozzle Is legated at the 15 deg 




91 



position. The low combustion efficiency at probe No. 2 position is substanti- 
ated by a high level of stsoke at that position. Smoke level was 37 at probe 
No. 2 as compared to 42 and 48 for the other probes. 

The predicted and measured fuel-air ratios are compared in Table XVlll. Mods 
2 through 5 were evaluated with four probe positions providing a uniform loca- 
tion as samples. The measured values for these configurations compare very 
favorably with the predicted value of the overall primary cone fuel-air ratio. 

CONCEPT III BASELINE COMBUSTOR PZ PERFORMANCE ANALYTICAL PREDICTION/TEST DATA 
COMPARISON 

The analytical prediction of the primary zone performance for Concept III 
baseline design indicated a high radial gradient with the outer zone in excess 
of 0.03 fuel-air ratio and the inner zone at 0.01 fuel-air ratio. The area 
between fuel injectors has the higher fuel-air values. The measured data in- 
dicated fuel-air values below average between fuel nozzles and did t^ot resemble 
the predicted values. These data are presented in Figures 90 and 91 

CONCEPT III MODIFICATIONS AND EXPERIMENTAL RESULTS 

Concept III combustor primary zone section was modified into five distinct 
configurations. The modifications of this single-vortex primary zone consisted 
of changes to fuel entry directions and variations of Inner-to-outer primary- 
air balance. These modifications are briefly described as follows: 

Mod 1 : Fuel tube exit located tangent to combustor centerline pointing 

clockwise viewed looking downstream 

Mod 2: Mod 1 with fuel tube pointing in a counterclockwise direction 

Mod 3: Fuel tube radially outward (baseline configuration), with 30% in- 

crease in outer-shell primary air and 30% reduction in inner-shell 
primary air 

Mod 4: Mod 3 with all primary air in the outer wall 

Mod 3: Mod 3 with all primary air in the inner wall 

Table XIX presents a summary of the measured data for Concept III, mods 1 
through 3. 

The highlights of this summary are these: 

0 The fuel placement, whether radially out or tangent right or left had lit- 
tle effect upon overall performance except there was some deterioration of 
exhaust pattern factor for mod 2. It was also noted that the primary zone 
smoke was lower for mod 2. 

o Lean-burn to a low fuel-air ratio value was observed for all mods. 

o The attempt to put all of the primary '*lr through the inner wall tubes 
produced a drastic Increas' in wall temperature and limited the test eval- 
uation to the idle conditions. 
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Concept III, 


Reading 

Condition 

Measurement 


Pressure 
drop, % 

Hot 

skin, K 

Avg 

skin. 

Pattern 
K factor 

Smoke, 
SAE No. 

Fuel -air 

rati< 

Lean blowout 

Chei 

118 

100% 

No chemistry 


3.85 

998 

841 

0.200 




119 

100% 

No chemistry 


3.93 

1021 

855 

0.189 




149 

Idle 

No chemistry 


4.04 

772 

581 

0.200 


0.0030 


150 

Idle 

Exhaust chemistry 


4.00 

759 

578 




0.( 

151 

Idle 

Exhaust chemistry 


4.01 

763 

580 




0.( 

152 

50% 

No chemistry 


3.53 

963 

704 

0.210 


0.0018 

1 

153 

50% 

Exhaust chemistry 


3.52 

966 

706 




o.oj 

154 

80% 

No chemistry 


3.35 

1135 

793 

0.215 


0.0024 

1 

155 

80% 

No chemistry 


3.37 

1115 

785 

0.218 



j 

156 

80% 

Exhaust chemistry 


3.36 

1073 

771 


6 



157 

80% 

PZ sequential rake 

1 

3.37 

1053 

759 


48 


o.i 

158 

80% 

PZ sequential rake 

2 

3.32 

1096 

773 


87 


o.i 

159 

80% 

PZ sequential rake 

3 

3.45 

1122 

764 


42 


o.d 




QP POCK 


mn 


Fuel-air j 




Mod 


Test condition j 


Baseline 80% 

1 80% 

2 80% 

3 80% 

4 80% 

5 Idle 


- > 


Table XVII. 

Concept III, baseline, test data summary. 


Pattern 

Smoke, 

Fuel -air 

ratio 

C02. 

Efficiency, 

Emission indices 

K factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 




0.200 







A 


0.189 









0.200 


0.0030 










0.0113 

2.28 

98.85 

32.9 

4.0 

3.9 




0.0114 

2.32 

99.07 

31.5 

2.1 

2.8 

0.210 


0.0018 







• 



0.0171 

3.50 

99.84 

4.8 

0.1 

7.3 

0.215 


0.0024 







0.218 









; 

6 


0.0229 

4.66 

99.91 

1.9 

0.0 

9.6 


48 


0.0283 

5.72 

99.73 

9.5 

0.1 

9.9 


87 


0.0545 

7.36 

72.81 

126.5 

256.7 

2.9 


42 


0.0170 

•• 

99.42 

7.5 

4.0 

6.8 




Baseline 

80^ 

0.0360 

0.0333 

+8.1 

1 

80 % 

0.0350 

0.0446 

-21.5 

2 

80 % 

0.0375 

0.0339 

H0.6 

3 

80% 

0.0359 

0.0355 

+1.1 

4 

80% 

0.0374 

0.0382 

-2.1 

5 

Idle 

0. 0205 

0.0208 

-1.4 
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Concept III« 


Concept III, Mod 1 






Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel -air ratii 

Reading 

Condition 

Measurefrent 


drop, * 

skin, K 

skin, K 

factor 

SAE No. 

Lean blowout 

Chei 

160 

80* 

No chemistry 


3.53 

933 

767 

0.209 

0 



161 

80% 

Exhaust chemistry 


3.42 

933 

763 




o.i 

162 

80* 

PZ sequential rake 

1 

3.42 

933 

763 


82 


0.( 

163 

80* 

PZ sequential rake 

2 

3.46 

936 

765 


29 


0.( 

164 

80* 

PZ sequential rake 

3 

3.44 

933 

763 


95 


0.( 








Concept III, Mod 2 






Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel-air 

ratii 

Reading 

Condition 

Measurement 


drop, * 

skin, K 

skin, K 

factor 

SAE No. 

Lean blowout 

~cg 

220 

80* 

No chemistry 


4.04 

1071 

844 

0.452 



i 

221 

80* 

Exhaust chemistry 


4.06 

1083 

849 


5 

0.0020 

0 .{ 

222 

80* 

PZ sequential rake 

1 

4.09 

1076 

842 


28 


0.( 

223 

80* 

PZ sequential rake 

2 

4.06 

1077 

843 


33 


0.1 

224 

80* 

PZ sequential rake 

3 

4.03 

1079 

843 


35 


o.( 

225 

80* 

PZ sequential rake 

4 

4.24 

1073 

841 


6 


0.1 

226 

100* 

No chemistry 


4.11 

1178 

936 

0.234 


0.0015 









Concept III, Mod 

_3 






Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel -air 

ratij 

Reading 

Condition 

Measurement 


drop, * 

skin, K 

skin, K 

factor 

SAE No, 

Lean blowout 

Cha 

260 

80* 

No chemistry 


3.48 

856 

769 

0.239 


0.U015 


261 

80* 

Exhaust chemistry 


3.51 

848 

764 


7 


0.1 

262 

80% 

PZ sequential rake 

1 

3.46 

863 

778 


61 


0.1 

263 

80% 

PZ sequential rake 

2 

3.74 

853 

768 


74 


0.1 

264 

80% 

PZ sequential rake 

3 

3.74 

864 

768 


44 


o.i 

265 

80% 

PZ sequential rake 

4 

3.69 

875 

770 


74 


O.i 

266 

100% 

No chemistry 


3.69 

1023 

866 

0.212 


0.0012 



Cr rOOS 


riY 


}■ IKAJVia 


Table XIX. 

Concept III, mods 1-5, test data smmnary. 


Concept III, Mod 1 


Pattern 

Smoke, 

Fuel -air 

ratio 

CO?. 

Efficiency, 

Emission indices 

fC factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 



NO 









A 

0.209 

0 


0.0234 

4.77 

99.85 

3.2 

0.3 

7.9 


82 


0.0458 

7.89 

91.57 

175.6 

46.3 

4.3 


29 


0.0388 

7.67 

99.18 

27.6 

1.6 

6.6 


95 


0.0493 

8.49 

92.17 

186.5 

37.4 

4.4 

Concept III, Mod 2 







Pattern 

Smoke, 

Fuel-air 

ratio 

CO?. 

Efficiency, 

Emission indices 

|C factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 



NO^ 

0.452 










5 

0.0020 

0.0233 

4.74 

99.91 

1.7 

0.1 

8.8 


28 


0.0383 

7.61 

99.42 

21.4 

0.6 

7.4 


33 


0.0307 

6.18 

99.63 

13.8 

0.1 

8.6 


35 


0.0347 

6.82 

98.75 

49.9 

0.8 

7.3 


6 


0.0320 

6.45 

99.89 

2.8 

0.1 

8.0 

i 0.234 


0.0015 







Concept 

III, Mod 

_3 







Pattern 

Smoke, 

Fuel -air 

ratio 

CO?, 

Efficiency, 

Emission indices 

K factor 

SAE No. 

Lean blowout 

Chemical 

% 

% 

CO 



0.239 

7 

0.0015 

0.0211 

4.33 

99.83 

3.2 

0.6 

9.6 


61 


0.0296 

6.00 

99.65 

9.1 

1.1 

9.1 


74 


0.0422 

7.97 

94.08 

6.6 

61.3 

7.8 


44 


0.0215 

4.39 

99.68 

9.4 

0.7 

8.8 


74 


0.0485 

9.63 

99.37 

7.0 

4.8 

5.3 

0.212 


0.0012 
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Concept III, Mod 4 


Reading 

Condition 

Measurement 


Pressure 

dropj % 

Hot 

skin, K 

Avg 

skin. 

Pattern 
K factor 

Smoke, 
SAE No. 

Fuel -air ra^ 
Lean blowout CH 

279 

80% 

No chemistry 


3.41 

387 

791 

0.239 


0.0015 

280 

80% 

Exhaust chemistry 


3.39 

902 

784 


36 

Q 

281 

80% 

PZ sequential rake 

1 

3.40 

950 

796 


100 

a 

282 

80% 

PZ sequential rake 

2 

3.43 

947 

812 


35 

Q 

283 

80% 

PZ sequential rake 

3 

3.36 

956 

782 


80 

a 

284 

80% 

PZ sequential rake 

4 

3.33 

948 

796 


53 

Q 

285 

100% 

No chemistry 


3.29 

978 

878 

0.233 


0.0014 








Concept 

III, Mod 

1 i 





Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel -air rat 

Reading 

Condition 

Measurement 


drop. % 

skin, K 

skin. 

K factor 

SAE No. 

Lean blowout Chi 

294 

• •• 

No chemistry 


3.09 

1304 

691 

0.352 


0.0025 

295 

Idle 

No chemistry 


3.46 

717 

547 

0.322 


0.0030 

296 

Idle 

Exhaust chemistry 


3.41 

614 

'534 



0 

297 

Idle 

PZ sequential rake 

1 

3.41 

616 

533 


60 

0 

298 

Idle 

PZ sequential rake 

2 

3.45 

624 

538 


68 

0 

299 

Idle 

PZ sequential rake 

3 

3.39 

617 

532 


42 

0 

300 

Idle 

PZ sequential rake 

4 

3.43 

631 

538 


42 

0 


Table XIX. (cont) 




\ 


»pt 

III, Mod 4 

CO 2 , 

% 

Efficiency, 

% 

Emission indices 

tern 

tor 

Smoke, 
SAE No. 

Fuel -air ratio 

Lean blowout Chemical 



NOx 

239 


0.0015 







36 

0.0220 

4.48 

99.73 

7.2 

0.8 

8.1 


100 

0.0347 

6.61 

97.04 

90.3 

9.2 

6.5 


95 

0.0485 

7.40 

82.24 

180.6 

144.2 

3.4 


80 

0.0290 

5.69 

98.26 

60.7 

3.6 

4.6 


5J 

0.0406 

8.04 

99.36 

23.8 

0.8 

4.5 

233 


0.0014 






lept III, Mod 

_5 






kern 

Smoke, 

Fuel-air ratio 

CO 2 , 

Efficiency, 

Emission indices 

kor 

SAE No. 

Lean blowout Chemical 

% 

% 

CO 

CH 

-- w 

NOy 







X 

A 

hs2 


0.0025 






p22 


0.0030 






u 


0.0119 

2.37 

97.16 

50.9 

17.7 

3.0 

1 

60 

0.0283 

5.34 

95.38 

89.9 

27.1 

2.7 

i 

68 

0.0250 

4.73 

95.83 

105.0 

18.7 

2.7 

1 

42 

0.0141 

2.71 

95.53 

82.4 

27.3 

2.7 

1 

4? 

0.0158 

2.96 

94.05 

106.1 

37.3 

2.2 


Y 


t 
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CONCEPT III COMBUSTOR MODIFICATIONS PZ PERFORMANCE ANALYTICAL PREDICTION/ TEST 
DATA COMPARISON 


The comparison of the primary zone analytical prediction and the measured test 
data for fuel-air ratio in the plane of the primary zone probe for the five 
modification configurations is presented in Figure 92. The redirection of the 
fuel spray in modifications 1 and 2 produced a significant shift in the calcu- 
lated fuel-air signatures. This characteristic was found in the measured data 
as can be seen in Figure 92, mods 1 and 2. The modifications which were de- 
signed to influence the primary air recirculation did not produce data that 
reflected the anaytical prediction. 

COMBUSTOR CONCEPT PERFORMANCE SUMMARY 

Even though this was r.ut a combustor development program, some comparative 
evaluations of the combustor concepts and modifications should be made based 
on the physical differences among the configurations of each concept and the 
data resulting from the experimental testing. A summary of the test data for 
all eighteen combustor tests is shown in Table XX for the 80% power condition. 
More data were recorded at 80% than at any other condition even though all 
combustor mods could not be operated at that high a power condition. 

The Concept I combustor designs are summarized in Table III. The performance 
of the baseline Concept I combustor was excellent. Metal temperatures were 
below 950 K, exhaust temperature profiles were uniform, and exhaust emissions 
were acceptable. Increasing the fuel nozzle swirler swirl number from 0.84 to 
1.45 by increasing the turning angle of the air from 45 deg to 60 deg produced 
performance improvements. Bc..h maximum and average metal temperatures were 
reduced. Exhaust CO and UHC remained nearly the same with NO^^ and smoke 
number decreasing. Changes in primary zone hole spacing (mod 2), nxambers of 
holes (mods 3 and 4), and flow fraction (mod 3) showed no improvement over the 
baseline configuration or no additional improvement over mod 1. Thus for Con- 
cept 1, the best configuration from an overall performance standpoint was the 
mod 1 design with the increased fuel nozzle swirl number. 

The Concept II combustor designs are summarized in Table IV. The performance 
of the baseline Concept II combustor was good, but not as good as the Concept 
I combustors. Metal temperatures were below 975 K, exhaust pattern factor at 
0.35 was poor, and che exhaust emissions showed a hotter reaction zone with 
lower CO and UHC but higher NO^. The Concept 11, mod 1, combustor changed to 
the lower swirl number fuel nozzle swirler used in the Concept I baseline com- 
bustor a'"d showed an increase in exhaust emissions, especially NO^. Metal 
temperature and exit temperature profile were reduced as well as primary zone 
CO, UHC, and smoke. Primary zone NOj^ increased. Mods 2 and 3 progressively 
increa^ec the flow area of the primary holes by 50% and 100% respectively. 
Temperature pattern improved for these two mods when compared to mod 1. Mod 2 
showed lower exhaust CO, UHC, and NOj^ but an increase in smoke. In the pri- 
mary zone, CO, UHC, and smoke increased but NO^^ decreased slightly. Both 
metal temperature and exit temperature profile increased. Mod 2 performance 
appears equally variable. The final two designs, mods 4 and 5, used only 
8 fuel nozzles instead of 16. These combustors at a nozzle spacing-to-annulus 
height ratio of 2.8 produced very high exit temperature profiles and thus were 


i !J.vL a > 1 
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limited to idle operating conditions. The best overall performance was pro- 
bably the Concept II, mod 3, design which demonstrated a low exit temperature 
profile and slightly higher exhaust, UHC, and NOj^. Exhaust smoke and pri- 
mary zone CC, UHC, and smoke were approximately equal in all Concept II de- 
signs. 

The Concept III single vortex combustor designs are summarized in Table V. 

The performance of the baseline Concept III combustor was quite good consider- 
ing that this was the initial design of the general concept. Except for the 
1073 K maximum measured metal temperature, all of the combustor performance 
parameters were more than satisfactory. The exit temperature profile was very 
uniform, having a pattern factor of 0.215. The exhaust emissions were only 
slightly higher than the Concept 1 baseline emissions. The primary zone emis- 
sions showed very high levels of CO, UHC, and smoke, but these levels were not 
observed in the exhaust gas samples. Concept 111, mods 1 and 2, rotated tl.v 
fuel nozzle chutes 90 deg clockwise and counterclockwise, respectively. Tlie 
clockwise rotation in mod 1 showed considerably oetter performance the.n the 
mod 2 rotation. The mod 2 design produced high average and maximum metal tem- 
peratures as well as an unacceptably high exit temperature profile. Compared 
to the Concept 111 baseline combustor, the mod 1 design demonstrated lower 
metal temperatures, exhaust NOj^ , and exhaust smoke, but higher exit tempera- 
ture proiilis, exhaust CO, and exhaust UHC. Concept 111, mods 3 and 4, pro- 
gressively noved primary zone injection air from the inner shell to the outer 
shell. The mod 3 design which had half the inner shell primary zone injection 
air transferred to the outer shell gave better performance than the mod 4 and 
better tlian the baseline designs; metal temperatures were lower, the exit 
temperature profile was the most uniforn, exhaust NO^ ^^nd smoke were low, 
and exhaust CO and UHC were acceptable. Primary zone emissions also were as 
low as for most designs Concept 111, mod 5, moved all of the primary zone 
air to the inner shell, but high metal temperatures restricted operation to 
idle conditions. Thus for the single vortex design, baseline and mod 2 pro- 
duced the best overall performance. 
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Combustor 



P/P 

{%) 


MetaT temp (K) Exit temi 
Avg wax Tm/Ta 


I 

Base 

3.60 

778 

933 

1.100 


1 

3.64 

740 

874 

1.100 


2 

3.54 

789 

904 

1.119 


3 

3.45 

— 

— 

1.136 


4 

3.64 

— 

— 

1.105 


5 

4.30 

— 

— 

1.144 

II 

Base 

3.63 

824 

968 

1.235 


1 

3.26 

806 

901 

1.186 


2 

3.46 

843 

1003 

1.160 


3 

4 

C 

3.25 

— 

— 

1.122 

III 

D 

Base 

3.36 

771 

1073 

1.144 


1 

3.42 

763 

933 

1.143 


2 

4.06 

849 

1083 

1.304 


3 

3.51 

764 

848 

1.162 


4 

3.39 

784 

902 

1.162 


5 

— 

— 

___ 






Table XX. 


performance summary at 80 X power conditions. 


Primary Zone Emissions 


nrofile 

LBO 



Nov 


~Tfrr 

PaT Fact 

F/A 

(ppm) (ppm) (ppm) 

— 

ill 

0.150 

— 


— » — 



« « 

0.147 

0.0018 

555 

26 

29 

0 

99.02 

0.174 

— 

5414 

964 

185 

81 

94.26 

0.199 

0.0012 

1117 

5 

176 

32 

99.38 

0.154 

0.0015 

1234 

3 

213 

23 

99.32 

0.215 

0.0020 

323 

16 

91 

28 

99.55 

0.354 

_ . . 

1151 

5 

162 

32 

99.61 

0.274 

0.0040 

388 

1 

189 

15 

99.66 

0.237 

0.0020 

620 

3 

182 

30 

99.52 

0.180 

0.0020 

584 

8 

181 

30 

99.46 

0.215 

0.0024 

2347 

2873 

112 

59 

99.65 

0.209 

— 

5981 

837 

134 

69 

94.31 

0.452 

0.0020 

764 

9 

161 

25 

99.42 

0.238 

0.0015 

270 

449 

157 

63 

98.20 

0.239 

0.0015 

3592 

1155 

106 

82 

94.23 


twer conditions. 


Zone Emissions 


Combustor Exit Emissi 


(ppm) (ppm) (ppm) 


- — 


— 

32 

1.6 

127 

5 

29 

0 

99.02 

37 

0.9 

112 

0 

185 

81 

94.26 

33 

0.4 

113 

0 

176 

32 

99.38 

19 

0.1 

131 

12 

213 

23 

99.32 

28 

0.5 

153 

4 

91 

28 

99.55 

34 

4.0 

120 

11 

162 

32 

99.61 

26 

0.2 

136 

0 

189 

15 

99.66 

32 

2.0 

151 

0 

182 

30 

99.52 

27 

0.8 

140 

8 

181 

30 

99.46 

26 

5.9 

162 

0 

112 

59 

99.65 

43 

0.7 

135 

6 

134 

69 

94.31 

76 

5.2 

114 

0 

161 

25 

99.42 

41 

0.8 

126 

5 

157 

63 

98.20 

67 

8.1 

125 

7 

106 

82 

94.23 

160 

10.9 

109 

36 


1 

i 



99.91 

99.91 

99.92 
99.94 

99.92 

99.90 


99.92 

99.90 

99.92 

99.88 


99.91 

99.85 

99.91 

99.83 

99.73 
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Figure 70. Concept I, baseline, overall combustor performance 
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Figure 73. Concept I, baseline, primary zone sector emissions. 
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Figure 75. Comparison of analytical prediction and measured primary zone 
X fuel-air ratio (Concept I mods — 80% power). 
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Figure 76. Concept II, baseline, exhaust temperature pattern. 
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Figure 81. Concept II, baseline, primary zone emissions f c'* 

combustion efficiency. 
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Figure 82. Comparison of analytical prediction and measured value of 
primary zone fuel-air ratio (Concept II, baseline — 80% power). 
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Figure 84, Comparison of analytical prediction and measured values of 
primary zone fuel-air ratio (Concept II mods — 80% power). 
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Figure 85. Concept III , baseline, combustor photograph. 


preceding 


page plank not. FILMED' 


127 


lUH 


G'c.C.l^^^AL PAGE 18 
OF POOR QUALITY 



•t'WMAt PAiKt ju.* 


PERCENT POWER 


Figure 86. Concept 111, baseline, wall temperature and thermal paint result 
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Figure 89. Primary 2 one sector emissions (Concept III, baseline). 
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Figure 91. Comparison of analytical prediction and measured primary zone 
fuel-air ratio (Concept III, baseline — 80% power). 
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VII. CONCLUSIONS 


Three small gas-turbine annular-combustor concepts and five modifications of 
each were designed, fabricated, and tested for the purpose of formulating an 
understanding of primary zone aerodynamics and Improving the design methodology 
of reverse-flow annular combustors. 

These combustor concepts were designed with the following features: 

o Concept I double-\ jrtex, swirl-stabilized, primary zone 

o Concept II double-vortex, swirl-stabilized, reverse-circulation primary 

zone 

c Concept III single-vortex primary zone 

The MARC-I three-dimensional aerodynamic combustor flow-field model was modi- 
fied to adapt to the distinctive features of these three primary zone concepts. 
The combustor geometric features incorporated in this model include the fol- 
lowing : 

0 prechambers 
o internal walls 
o rounded dome walls 
o axial dome swirlers 
o vertical dome slots 
o slanted liner entries 
o reverse cooling slots 

From the analytical modeling and testing of the eighteen combustor configura- 
tions the following conclusions can be drawn; 

o The analytical model as modified and updated has provided a useful tool in 
designing and analyzing test results from this program. 

o The primary zone gas sampling probes, designed and fabricated for this 
study, were satisfactory in all aspects. Utilizing these probes, CO, 

CO2, NOjj, and UHC and smoke emissions were obtained for all combustor 
conf igurations. 

0 The three primary zone concepts, designed with the aid of the analytical 
model, demonstrated excellent performance in the following areas: 

o exhaust temperature pattern 
0 low exhaust smoke 
0 cool liner walls 
0 high combustion efficiency 
o wide combustion limits 

0 The correlation of primary zone predicted with the measured fuel-air ratio 
contours demonstrated the usefulness of the analytical model as an aid to 
the combustion designer. 

o Additional model development is needed to define completely new designs 
having geometric features that depart from conventional Internal flow pat- 
terns . 
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STATUS or 3-D COMBUSTION MODEL 


Several factors are believed to be responsible for those cases when the corro- 
latlon between the analytical model and actual fuel~alr measurements was less 
than satlsfactor>’. First the experimental measurements were made at discrete 
probe locations while the analytical model computed values across the entire 
combustor cross section. In addition, some simplifying boundary condition as- 
sumptions undoubtedly affected the analytical results. For example, Lamilloy 
air was assumed to enter as cooling slot air parallel to the walls. Beyond 
these items the three-dimensional combustion model has been found to be defi- 
cient in several phlso-chemical areas. These deficiencies are not due to nu- 
merical techniques but rather to real deficiencies in the submodels used to 
describe physical and chemical phenomena. These areas in which deficiencies 
occur are the following: 

1. Precharabers on annular section 

Up to the present time all reacting 3-D codes treat the prechamber as 
part of the annular combustor and attempt to analyze the flow field 
within this circular can with the coordinates used for the annular sec- 
tor. Since the coordinates for the entire combustor originate at the 
centerline of the sector, the circular precharaber is approximated by a 
polygon. Detailed analysis comparing prechambers analyzed by body-cen- 
tered coordinates and those analyzed by fine-grid sector coordinates re- 
veals some discrepancies. The correct computation of angular momentum 
from both axial and, if present, radial air swirlers incorporated in 
precharabers is extremely sensitive to the coordinate system describing 
the boundary condition of the prechamber. Deviations from true circular 
boundary conditions introduce steps such as those resulting from a raul- 
tisided polygon. A portion of the circulating flow Impinges on these 
steps and creates an overpressure which propagates toward the center of 
the circulating flow. The net effect of this overpressure is to reduce 
the angular momentum to a level much lower than that which could be 
caused by the action of viscous forces within a circular can. 

The approach to rectify any possible discrepancy that may disturb the 
actual flow-field computation is to integrate a body-centered circular 
coordinate system descrlblirg the prechamber can with that describing the 
body-centered coordinates of the sector. 

2 . Droplet fuel spray heating. Vaporization and drag, and subsequent 
micro-mixing and chemically kinetic limited combustion of the fuel vapor 

The latest published versions of 3-D models contain at best an initial 
spray size distribution subprogram. Usually this takes the form of the 
Rosin-Rararaler distribution, a correlation which is generally considered 
to bo adequate. However, subsequent droplet dynamics are treated In a 
totally simplistic and incorrect manner. Modern well-designed gas tur- 
bine combustors are generally believed to be evaporation rate limited. 

At the high , ressures, temperatures, and convective conditions Involved, 
both chemical kinetic and mixing rates are high compared with those of 
spray evaporation. All present 3-D codes, Includintf M\RC-1, only par- 
tially recognize this fact. Following spray evaporation, the source 
term for the rale of oxidation of tl\e fuel is determined by the minimum 
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of the rate of fuel oxidation as controlled by chemical kinetics or 
eddy-breakup mixing. This latter mixing term Is dependent upon the 
level of turbulence and fuel vapor and/or oxygen concentration. In al- 
most all cases the rate of oxidation of the fuel must be artificially 
slowed by choosing the latter minimum rate method Involving mixing. De- 
tailed analysis of droplet evaporation under convection conditions Indi- 
cates that the time for the droplet to evaporate fs slow compared to the 
time for fuel vapor and air to mix In the droplet wake. Clearly, the 
existing 3-D models appear to be overpredlctlng the rate of evaporation 
of the spray. 

During droplet heat-up to the wet bulb temperature no evaporation is 
allowed. As soon as the wet bulb temperature is reached, the vaporiza- 
tion rate is set equal to Its maximum rate. But this step function ap- 
proach Is a gross oversimplification. Over wide ranges of operating 
conditions the heat-up period represents an appreciable portion of the 
total drop evaporation time. This is especially true for high gas pres- 
sures and temperatures where all but the smallest droplets fall to attain 
their wet bulb temperature and, hence, their maximum steady-state evap- 
oration rate during their lifetime. 

The result of the existing droplet evaporation model Is to considerably 
overpredict the evaporation rate. The effects of this overpredlctlon 
propagate throughout the entire solution domain. The droplet diameter 
and, hence, droplet mass are underpredicted, with the consequence that 
the droplet trajectory Is not proper evaluated. This affects the calcu- 
lated distribution of fuel-air ratio, temperature, chemical kinetics, 
and species concentration. The error is tempered somewhat in all present 
models by the artificial reduction of the apparent evaporation rate 
through the use of the mixing model. But, while overall performance and 
pattern factor predictions may be only slightly changed, local primary 
zone temperature profiles and chemical kinetics can be substantially 
df fee ted . 

As a consequence of these effects, detailed droplet dynamic models are 
being evaluated in a separate NASA program (Analytical Fuel Property 
liffects — Small Combustor, NASA Contract NAS3-23165) and the best of 
these will be used to replace the existing droplet dynamics package 
within MARC-1. It is anticipated that incorporation of such a model 
will remove the need for MARC-1 to rely so heavily upon artificial 
techniques to properly predict the combustion rate of the fuel. 

3. Fuel insertion modeling — dual orifice and airblast type injectors 

The phenomena described above with regard to droplet dynamic effects on 
model predictions are extremely important. But replacement of the current 
droplet dynamic packiige with an improved submodel still reqiiir ' "reclse 
boundary conditions regarding the initial fuel placement. Better dual 
orifice and airblast fuel Insertion models are required in order that 
the Improved droplet dynamics submodel can accurately predict fuel-air 
ratio distributions, etc. Work on such models Is presently being Initi- 
ated . 
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All of the deficiencies described In the paragraphs above are well understood, 
many as a result of the investigations conducted under this program. Contrac- 
tual and/or IR&D effort is presently underway to eliminate these problems from 
MARC-1. 
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APPENDIX A 


ORIGINAL PAGE fS 

PRIMARY ZONE ADDENDUM PROGRAM POOR QUALITY 

The single-torus primary zone combustor (Concept III) demonstrated the poten- 
tial for reducing the number of fuel nozzles in a small annular combustor. 
Therefore this combustor concept was selected for additional evaluation In a 
program addendum. This design, shown In Figure 93, reduced the number of fuel 
nozzles from 16 to 12, which increased the spaclng-to-helght ratio from 1.4 to 
1.8. The principle of this concept departed from the dual-vortex, conventional 
flame stabilization methods by establishing a larger single torus In the pri- 
mary zone. Features of this design were as follows: 

o torus directionally aligned with annulus airflow 
o fuel entry tangential and opposed to torus 

o film cooling upstream on one side and downstream on the other 
o variable fuel directing tubes 
o fewer fuel nozzles 



Figure 93. Concept III combustor — single torus selected for 
addendum to primary zone study. 
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The major aerodynamic feature of this design was the Increased residence time 
in the primary zone established by the single reversal pattern. This provided 
the potential for improved vaporization of the fuel droplets and for more com- 
plete combustion reaction. 

The three additional modifications selected for the contract addendum included 
two aerodynamic configurations and one fuel placement configuration. The de- 
sign changes were made to provide a more uniform fuel-air mixture to avoid fuel 
impingement on the liner walls and to introduce the fuel at an optimum location 
that provided the best vaporization path for improved combustion performance. 

Modifications to alter the primary zone aerodynamic flow patterns are shown In 
Figures 94 and 95. In Figure 94 the primary zone air bushings In the outer 
combustor liner were positioned circumferentially on either side of the fuel 
nozzle centerline, while on the inner liner wall a larger single air hushing 
was aligned with the fuel nozzle. The air bushing was located axially near 
the fuel nozzle to disperse the fuel spray Into two patterns emanating from a 
single fuel nozzle source. The second aerodynamic modification, shown In Fig- 
ure 95, was a similar concept, but the inner bushings were moved axially down- 
stream to allow more time for the development of the fuel spray prior to in- 
troducing the jet flow. Experience has shown that care must be taken when di- 
recting air jets near the spray injection point. Combustion instability, 
noise, or flame quenching are possible results of early air admission. The 
size and jet angles used were dictated by the predictions from the MARC-1 3-D 
model. 

The third Concept III combustion system modification Involved a change to the 
fuel direction tubes, as shown in Figure 96. The evaluations made during the 
basic program demonstrated the potential for improved performance from fuel 
placement techniques. For this modification, the fuel directing tube was 
capped off and two fuel exit holes were directed in opposed circumferential 
directions from each fuel nozzle source. In this manner, the fuel spray gave 
mere uniform fuel-air coverage between fuel injection points; this design also 
provided a means of preventing fuel from Impinging on the combustor walls. 

ANALYTICAL RESULTS 

Concept III mods A1 , A2, and A3 were analyzed with the three-dimensional com- 
bustor model described in Section III. For each modlf icatlon the ”^-D model 
generated plots of fuel-air ratio in the primary zone at various radial planes 
so that the interaction of the fuel spray and the combustion air could be 
studied. Figure 97 shows the predicted fuel-air ratio in the primary zone both 
on sector presentation and an average circumferential plot per fuel injector 
sector for all three design configurations. In all mods it was predicted that 
the Inner wall primary air jets would produce a low fuel-air ratio region in 
its wake. Mod A3, which featured bifurcated fuel tubes, responded with high 
fuel concentrations on each side of the fuel Injector location. While all de- 
signs of Concept III exhibit the tendency for high fuel-air ratios at the outer 
wall and low ratios at the inner wall, the predictions for mod A3 indicated a 
lower gradient than the other designs. 
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EXPERIMENTAL RESULTS 
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Experimental testing of the addendum configuration consisted of the following: 

0 exhaust performance at 100%, 80%, and idle power 
0 primary zone emissions at 80% power 

Table XXI summarizes the measured performance for Concept III mods Al, A2, and 
A3. Included in the table are both the exhaust and the primary zone data. 

Exhaust temperature patterns for each of the addendum mods are shown in Figure 
98. Mod Al, which features the inner primary hole in close proximity to the 
fuel spray, resulted in an unsatisfactory exhaust pattern factor of 0.478. 

The pattern Improved significantly by placing the inner air jet in a more nor- 
mal downstream position, as noted by the 0.294 pattern factor value of Mod A2 . 

The combustion efficiency measured in the combustor exhaust was 99.15% for mod 
Al, while mods A2 and A3 were 99.88% and 99.90% respectively. Mod Al's lower 
overall efficiency was due to the close proximity of the inner primary air jet, 
which also resulted in the poor temperature pattern. 

Primary zone emission data were obtained at 80% power condition. Figure 99 is 
a comparison of computer code analytical prediction and measured primary zone 
fuel-air ratio sector contours. There was a degree of similarity between cal- 
culated and measured values for these test configurations. All mods exhibited 
an above average fuel-air ratio on the outer annulus area and below average 
values at the inner annulus area on both the calculated and predicted evalu- 
ations. 

SUMMARY 

The exhaust and primary zone performance values are as follows (in all mods 


tested 

Mod 

the primary zone 

combustion efficiency was 
Performance 

relatively 

high) : 





Primary 

zone 


Exhaust 



Eff . 

Smoke 

CO El 

CHx El 

NOx El 

Eff. 

P.F. 

LBO 

Al 

98.84% 

35.0 

33.8 

3.7 

6.8 

99.15% 

0.478 

0.0010 

A2 

97.44% 

49.5 

54.4 

13.5 

7.3 

99.88% 

0.294 

0.0008 

A3 

99.01% 

59.0 

36.8 

1.2 

8.5 

99.90% 

0.309 

0.0005 


In conclusion, the design, analysis, and testing of the Addendum Concept III 
modifications again verified the usefulness of the three-dimensional computer 
model in combustor design and analysis effort. 



original 

OF POOR quality 


Concept III, modi 


Concept III, Mod A1 






Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel -air ra 

Reading 

Condition 

Measurement 


drop, % 

skin, K 

skin. 

K factor 

SAE No. 

Lean blowout C 

327 

Idle 

Exhaust chemistry 


3.60 

723 

586 



0.0058 ( 

328 

idle 

No chemistry 


3.60 

723 

584 

0.244 



329 

80% 

No chemistry 


3.43 

1051 

766 

0.499 


0.0010 

330 

80% 

Exhaust chemistry 


3.37 

1059 

776 




331 

80% 

PZ sequential rake 

1 

3.44 

1074 

777 




332 

80% 

sequential rake 

1 

3.43 

1083 

785 




333 

80% 

No chemistry 


3.84 

1029 

777 

0.462 



334 

80% 

PZ sequential rake 

1 

3.43 

1042 

789 


40 


335 

80% 

PZ sequential rake 

2 

3.43 

1046 

788 


78 


336 

80% 

PZ sequential rake 

3 

3.38 

1098 

797 


4 


337 

80% 

PZ sequential rake 

4 

3.39 

1089 

795 


18 


338 

80% 

No chemistry 


3.41 

1107 

791 

0.478 

1 


339 

80% 

Exhaust chemistry 


3.42 

1115 

792 











Concept 

III, Mod 






Pressure 

Hot 

Avg 

Pattern 

Smoke, 

Fuel-air rat 

Reading 

Condition 

Measurement 


drop, % 

skin, K 

skin. 

K factor 

SAE No. 

Lean blowout C 

340 

Idle 

No chemistry 


3.85 

698 
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795 


18 

0.0200 

4.00 

98.84 

44.2 

1.3 

4.1 ’ 

791 

0.478 

1 







792 



0.0221 

4.44 

99.15 

26.6 

2.1 

4.8 


Concept 

III. Mod 







Avg 

Pattern 

Smoke, 

Fuel-air ratio 

CO2, 

Efficiency, 

Emission indices ] 

Skin, 

K factor 

SAE No. 

Lean blowout Chemical 

X 

X 

CO 

CH 

% 

543 

0.544 


0. 0050 




A 


547 



0.0103 

1.80 

85.78 

53.81 

37.6 

0.3 

816 

0.294 


0.0008 






804 



0.0215 

4.38 

99.88 

3.0 

0.1 

9.8 

810 


53 

0.0346 

6.75 

98.23 

61.1 

3.6 

7.1 

806 


37 

0.0305 

5.99 

98.40 

52.4 

3.8 

8.3 

814 


32 

0.0222 

4.52 

99.72 

9.7 

0.1 

9.5 

80? 


76 

0.0392 

7.14 

93.41 

94.3 

46.7 

4.4 


Concept 

III, Mod 







Avg 

Pattern 

Smoke, 

Fuel -air ratio 

CO2, 

Efficiency, 

Emission indices 

skin. 

K factor 

SAE No. 

Lean blowout Chemical 

X 

X 




870 

0.309 


0.0005 






868 



0.0254 

5.16 

99.90 

1.9 

0.1 

9.6 

876 


34 

0.0257 

5.18 

99.53 

16.6 

0.6 

7.7 

872 


80 

0.0399 

7.83 

98.84 

42.6 

1.5 

9.2 i 

867 


74 

0.0372 

7.28 

98.68 

49.0 

1.7 

9.2 1 

871 


48 

0.0328 

6.50 

99.00 

39.1 

0.8 

8.0 i 


945 0.333 
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Figure 99. Toniparlson o.^ analytical prediction and measured primary zone 
fuel~alr ratio (Concept III, Addendum mods — PO? power). 



APPENDIX B 


TEST DATA SIWIARY 


Tabulated tn this appendix are the test data for al three concepts and mods 
including the addendum test program. Each aota grouping requires three lines 
of description on separate pages for summary of exhaust and primary zone data. 
An additional two pages are required tor tabulation of primary zone pi jbc data. 
This tabulation is grouped for each of the three concepts and the addendum. 

The comments below describe the parameters in the following tabulation. 

RDG Reading number 

CONO Test condition — described in Section VI 


MEASUR’IMENT 

WA 

BIP 

BIT 

BOT 

RISE 

UF 

F/A 

FLOW // 

FI 

ACD 

hP/P 

HOT SKIN 
AVG SKIN 
TM/TA 


Defines test measurement, l.e., exhaust chemistry, primary 
zone chemistry (PZSEQUN RKl), and exhaust temp- rature pat- 
tern (no chemistry) 

Airflow in Ib/sec 

Burner inlet pressure, Ib/ln.*^ abs 
Average burner inlet temperature, “F 
Average burner outlet temperature, ®F 
Temperature rise, °F 
Fuel flow, Ib/hr 
Fuel-air ratio 

Fuel flow/(fuel flow pressure drop)^"^^ 

Flow factor Wa>|T/P 

Calculated liner effective hole area based on measured 
pressure loss, in. 

Burner pressure .loss, Z 

Maximum combustor metal temperature via thermocouples 

Average combustor metal temperature via thermocouples 

Exhaust maximum temperature/exhaust average temperature, 
•F/'^F 


PATRN Exhaust pattern factor ■ PF ■ ~ BOT)./(BOT - BIT) 

TIP Tip (max radii s) annulus average exhaust gas temperature, *F 

TMID Mid-tip annulus average exhaust gas temperature, “F 


151 


RMID 

ROOT 

AT 

SMOKE 
LBO F/A 
CHEM F/A 
C02 7 . 

CO PPM 
CHX PPM 
NOX PPM 
EFF 
CO El 
CHX El 
NOX El 

CIRCUM LOCATION 


Mid-root annulus average exhaust gas temperature, “F 
Root (min radius) average exhaust gas temperature, “F 
Data location (EX “ exhaust, PZ = primary zone) 

SAE smoke number per ARP-1179 

Lean blowout fuel-air ratio 

Gas analysis fuel- air ratio 

Measured carbon dioxide, perc*>nt 

Measured carbon monoxide, parts per million 

Measured unburned hydrocarbon (C 3 base, as C 3 Hg) 

Total nitrogen oxides 

Combustion efficiency calculated from exhaust gases, % 

Measured carbon monoxide emission index, g/kg 

Measured unburned hydrocarbons emission index, g/kg 

Measured oxide of nitrogen emission index, g/kg 

Circumferential location, degrees from right-hand edge of 
sector 
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OiuGiNAL PAGE IS 
OF POOR QUALITY 


PACE 1 

-- DATA LISTING FOR CONCEPT I BASELINE -- NASA PRIMARY ZONE STUDY '• 

DATE TABULATEDt B FEB 8Z 


ROC 

COND 

measurement 

NA 

BIP 

BIT 

BOT 

RISE 

HF 

F/A 

FL^N 

B1 

IDLE 

EXHAUST 

CHEM 

Z.30 

SS.3 

374. 

1046. 

67Z. 

85.4 

0.01034 

30. 

BZ 

IDLE 

PZ 

SEBLN 

RK 1 

Z.30 

5S.S 

380. 

lOSZ. 

672. 

85. 4 

0.01032 

30. 

B5 

IDLE 

PI 

SEOUN 

RK Z 

Z.30 

S6.0 

384. 

1070. 

685. 

87.5 

0.0105B 

30. 

B6 

IDLE 

PZ 

SEOUN 

RK } 

Z.ZB 

S6.1 

386. 

1075. 

68B. 

87. B 

0.01065 

30. 

BT 

IDLE 

PZ 

NFOLO 

RK 1 

Z.30 

SS.Z 

386. 

1057. 

670. 

85.3 

0.01031 

30. 

B8 

IDLE 

PZ 

MFOLO 

RK Z 

Z.ZB 

SS.4 

387. 

1064. 

677. 

86.3 

0.01046 

30. 

BB 

IDLE 

PZ 

NFOLO 

RK 3 

Z.30 

SS.Z 

388. 

1041 . 

653. 

83.2 

0.01006 

30. 

100 

IDLE 

PZ 

MFOLO 

RK 3 

Z.ZB 

SS.6 

388. 

1065. 

677. 

85. B 

0.01040 

30. 

101 

IDLE 

EXHAUST 

CHEM 

Z.ZB 

S5.6 

388. 

1058. 

66B. 

84. B 

0.01030 

30. 

lOZ 

IDLE 

NO 

CHEMISTRY 

Z.ZB 

SS.B 

38B. 

106B. 

680. 

86. B 

0.01055 

30. 

10} 

loot 

EXHAUST 

CHEM 

S.03 

147.4 

754. 

IBBl. 

1236. 

356.2 

0.01B68 

25. 

104 

1001 

NO 

CHEMISTRY 

S.02 

147.6 

7S f. 

1B70. 

1213. 

353. B 

0.01B57 

25. 

lOS 

1001 

PZ 

MFOLO 

RK 1 

S.OZ 

148.4 

75S. 

IBBZ. 

1237. 

357.1 

0.01B75 

25. 

106 

1001 

PZ 

MFOLO 

RK Z 

S.03 

147.6 

752. 

IBBI. 

1238. 

355.5 

0.01B64 

24. 

lOT 

1008 

PZ 

MFOLO 

RK 3 

S.04 

148.3 

751. 

1BB6. 

1245. 

356.4 

0.01B63 

24. 

108 

ALT 

EXHAUST 

CHEM 

Z.6Z 

78.2 

6B8. 

IBll. 

1213. 

1B0.3 

0.02018 

24. 

lOB 

ALT 

NO 

CHEMISTRY 

2. 62 

78. S 

702. 

1871. 

116B. 

1B0.3 

0.02017 

24. 

110 

801 

EXHAUST 

CHEH 

4.62 

131.2 

614. 

1885. 

1270. 

324.6 

0.01B50 

25. 

111 

801 

NO 

CHEMISTRY 

4.S8 

130. B 

612. 

1860. 

1247. 

32 3.1 

0.01B60 

24. 

IIZ 

SOS 

EXHAUST 

CHEH 

3.73 

100. B 

5 35. 

1545. 

1010. 

210.2 

0.01563 

25. 

113 

SOS 

NO 

CHEMISTRY 

3.72 

101.3 

541. 

1547. 

1006. 

210.6 

0.01575 

25. 

114 

1001 

NO 

CHEMISTRY 

4.B3 

146.1 

75 3. 

Z0Z6. 

1273. 

34B.2 

0.01B67 

24. 

IIB 

1001 

NO 

CHEMISTRY 

4.B7 

147.0 

7S3. 

201B. 

1265. 

34B.2 

0.01B53 

24. 


IS 


LitiLiliXiAl. S3 

OF POOR QUALITY 


PACE 2 


m • 

DATA 

LISTINC 

FOR CONCEPT 

1 BASELINE 

-- NASA 

PR INAPT 

TONE 

STUDY -- 





DATE 

TABULATED t 

9 FEB 62 




ROC 

CONO 

FI 

ACO 

DP/P 

HOT 

SKIN 

AVC 

SKIN 

TN/TA 

PATRN 

r 

TN^O 

RM^O ROp 

91 

IDLE 

1.198 

9.19 

4.49 

BBC. 

996. 

1.099 

0.155 

22. 

24. 

9. -51 

92 

IDLE 

1.201 

9.16 

4.49 

899. 

603. 

1.088 

0.137 

23. 

24. 

4. -91 

99 

IDLE 

1.192 

9.16 

4.49 

889. 

612. 

1.090 

0.140 

24. 

24. 

4. -54 

96 

IDLE 

1.189 

9.14 

4.49 

866. 

619. 

1.084 

0.131 

24. 

29. 

4. -93 

97 

IDLE 

1.210 

9.19 

4.98 

676. 

609. 

1.084 

0.137 

29. 

29. 

3. -52 

98 

lOlE 

1.202 

9.19 

4.96 

906. 

614. 

1.064 

0.132 

24. 

29. 

4. -53 

99 

IDLE 

1.212 

9.19 

4.59 

903. 

609. 

1.089 

0.139 

24. 

24. 

3. -51 

100 

IDLE 

1.202 

9,19 

4.92 

901. 

617. 

1,083 

0.130 

24. 

24. 

3. -52 

101 

IDLE 

1.199 

9.19 

4.94 

929. 

618. 

1.084 

0.132 

24. 

25. 

4. -52 

102 

IDLE 

1.192 

9.12 

4,49 

960. 

628. 

1.099 

0.199 

22. 

29. 

6. -51 

109 

1008 

1.189 

9.99 

3.79 

1368. 

1087. 

1.072 

0.116 

-7. 

48. 

38. -79 

lOA 

1008 

1.188 

5.99 

3.74 

1338. 

1089. 

1 .079 

0.128 

-1. 

42. 

37. -76 

109 

1008 

1.180 

9.59 

3.69 

1366. 

1090. 

1.073 

0.126 

6. 

47. 

37. -85 

106 

1008 

1.186 

9.98 

9.74 

1338. 

1089. 

1.078 

0.129 

7. 

47. 

32. -87 

107 

1008 

1.184 

9.98 

3.73 

1936. 

1084. 

1.074 

0.119 

3. 

48. 

35. -86 

108 

ALT 

1.139 

9.40 

3.69 

146C. 

1117. 

1.094 

0.149 

40. 

95. 

26.-122 

109 

ALT 

1.139 

9.41 

3.67 

1490. 

1123. 

1.117 

0.187 

29. 

48. 

30.-106 

no 

808 

1.195 

9.54 

3.60 

1220. 

940. 

1.080 

0.119 

5. 

37. 

32. -79 

111 

808 

1.149 

9.94 

3.95 

1234. 

948. 

1.100 

0.190 

-3. 

33. 

36. -66 

112 

908 

1.168 

9.42 

3.89 

1078. 

820. 

1.061 

0.123 

24. 

36. 

18. -77 

U3 

908 

1.161 

9.41 

3.62 

1071. 

830. 

1.116 

0.178 

17. 

32. 

21. -72 

114 

1008 

1.176 

9.69 

3.60 

1298. 

1197. 

1.102 

0.162 • 

-29. 

31. 

37. -43 

119 

1008 

1.177 

9.69 

3.60 

1241. 

1129. 

1.098 

0.156 - 

31. 

30. 

38. -38 


I 


L 


PE POOR QUaLiTY 


PACE 3 

-* DATA LISTING FOR CONCEPT 1 BASELINE NASA PRINARY ZONE STUDY 

DATE tabulated: 9 FEB 82 


ROC 

AT 

SMOKE 


CHEN 

F/A 

C02 

1 

CO 

PPM 

CHX 

PPM 

NOX 

PPM 

EFF 

CO 

El 

CHX 

El 

NOX 

El 

91 

EX 



0.0108 

2.19 

399. 

29.8 

7. 

98.76 

36.1 

6.2 

1.1 

92 

PZ 



0.0226 

6.53 

932. 

7.5 

55. 

99.00 

60.8 

0.5 

6.0 

95 

PZ 



0.0121 

2.66 

672. 

19.3 

8. 

98.88 

38.2 

2.5 

1.1 

96 

PZ 



0.0200 

6.08 

267. 

3.9 

33. 

99.68 

12.2 

0.3 

2.7 

97 

PZ 

7. 


0.0233 

6.62 

1392. 

5.1 

61. 

98.60 

59.2 

0.3 

2.9 

98 

PZ 

0. 


0.0120 

2.60 

707. 

38.0 

5. 

98.21 

57.8 

6.9 

0.6 

99 

PZ 

0. 


0.0177 

3.61 

307. 

3.3 

26. 

99.57 

17.1 

0.3 

2.3 

100 

PZ 



0.0186 

3.76 

257. 

1.8 

29. 

99.66 

13.7 

0.1 

2.5 

101 

EX 



0.0103 

2.10 

376. 

19.6 

9. 

98.90 

35.6 

2.9 

1 .5 

102 













103 

EX 

0. 


0.0222 

6.56 

25. 

0.2 

163. 

99.91 

1.1 

0.0 

11.9 

lOA 













105 

PZ 

92. 


0.0636 

8.07 

5187. 

335.9 

179. 

96.05 

120.6 

12.3 

6.8 

106 

PZ 

36. 


0.0202 

6.12 

163. 

0.9 

102. 

99.77 

8.0 

0.1 

8.2 

107 

PZ 

36. 


0.0399 

7.93 

756. 

1.9 

222. 

99.51 

19.1 

0.1 

9.2 

108 

EX 



0.0232 

6.73 

33. 

0.0 

116. 

99.92 

1.6 

0.0 

8.1 

109 













no 

EX 

5. 


0.0211 

6.30 

32. 

1.6 

127. 

99.91 

1.5 

0.1 

9.8 

111 













112 

EX 

0. 


0.0163 

3.36 

53. 

0.2 

66. 

99.89 

3.2 

0.0 

6.6 


113 

llA 

115 
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OtiiuUiAL PAGE IS 
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PACE 1 


-- 1 

DATA LISTING FOR CONCEPT I 

MOD 1 — NASA 

PRIMARY 

ZONE 

STUDY 

-- 


RDC 

COND 

DATE TAOULATEDi 
NEASUREMENT WA SIP 

18 

SIT 

FEB 82 
SOT 

RISE 

HF 

F/A 

FLgH 

« 

16S 

IDLE 

NO CHENISTRV 

2.35 

55.9 

368. 

1056. 

685. 

87.9 

0.01038 

28. 

166 

IDLE 

EXHAUST CHEH 

2.36 

56.5 

37C. 

1080. 

710. 

88.3 

0.01038 

28. 

167 

IDLE 

P2 SEQUN RK 1 

2.37 

56.6 

369. 

1086. 

717. 

88.3 

0.01036 

28. 

168 

IDLE 

PZ SEQUN RK 2 

2.27 

53.3 

368. 

1079. 

711. 

S6.7 

0.01036 

28. 

169 

IDLE 

PZ SEQUN RK 3 

2.27 

55.6 

370. 

1086. 

713. 

85.6 

0.01063 

28. 

170 

80X 

NO CHEMISTRY 

6.56 

129.7 

615. 

1930. 

1315. 

323.9 

0.01973 

26. 

171 

80X 

EXHAUST CHEH 

6.56 

127.2 

618. 

1926. 

1306. 

321.0 

0.01955 

26. 

172 

80S 

PZ SEQUN RK 1 

6.50 

128.3 

608. 

1933. 

1325. 

320.7 

0.01979 

26. 

173 

SOS 

PZ SEQUN RK 2 

6.56 

130.2 

608. 

1923. 

1316. 

321.0 

0.01963 

23. 

176 

SOS 

PZ SEQUN RK 3 

6.57 

129.6 

609. 

1928. 

1319. 

320.6 

0.01969 

23. 

175 

lOOS 

NO CHEMISTRY 

6.93 

166.6 

756. 

2065. 

1309. 

366.0 

0.01951 

26. 

176 

lOOS 

PZ SFQUN RK 1 

6.92 

166.1 

750. 

2066. 

1296. 

365.5 

0.01951 

26. 

177 

lOOS 

PZ SEQUN RK 2 

6.90 

167.2 

755. 

2103. 

1368. 

367.3 

0.01969 

23. 

178 

lOOS 

PZ SEQUN RK 3 

6.89 

167.2 

752. 

2096. 

1362. 

365.8 

0.01963 

22. 


PAGE 2 

— DATA LISTING FOR CONCEPT I HOD 1 — NASA PRIHARY 20NE STUDY 






DATE 

TABULATED t 

18 FEB 

82 




RDG 

COND 

FI 

ACO 

DP/P 

HOT 

SKIN 


TM/TA 

PATRN 

TIP 

F 

THID 

F 

RMIO ROpT 

165 

IDLE 

1.212 

5.19 

6.51 

853. 

613. 

1.126 

0.191 

29. 

36. 

-19. -66. 

166 

IDLE 

1.206 

5.26 

6.38 

833. 

630. 

1.072 

0.110 

22. 

26. 

5. -52. 

167 

IDLE 

1.205 

5.26 

6.38 

828. 

629. 

1.080 

0.121 

20. 

25. 

5. -51. 

168 

IDLE 

1.227 

5.23 

6.57 

835. 

621. 

1.066 

0.097 

20. 

26. 

6. -50. 

169 

IDLE 

1.182 

5.26 

6.21 

868. 

610. 

1.072 

0.109 

19. 

27. 

6. -51. 

170 

80S 

1.153 

5.57 

3.55 

1106. 

866. 

1.100 

0.167 

7. 

37. 

26. -67. 

171 

SOS 

1.177 

5.62 

3.66 

1113. 

872. 

1.090 

0.133 

-9. 

39. 

31. -60. 

172 

SOS 

1.167 

5.59 

3.69 

1165. 

880. 

1.071 

0.106 

5. 

60. 

26. -71. 

173 

SOS 

1.161 

5.56 

3.69 

1088. 

866. 

1.106 

0.155 

-66. 

32. 

68. -38. 

176 

SOS 

1.153 

5.57 

3.55 

1079. 

868. 

1.076 

0.111 

-62. 

32. 

50. -60. 

175 

lOOS 

1.171 

5.71 

3.69 

1260. 

1063. 

1.086 

0.133 

10. 

37. 

22. -71. 

176 

lOOS 

1.172 

5.68 

3.53 

1286. 

1067. 

1.039 

0.062 

-5. 

30. 

29. -55. 

177 

lOOS 

1.160 

5.70 

3.66 

1290. 

1078. 

1.066 

0.068 

-7. 

27. 

27. -67. 

178 

lOOS 

1.157 

5.69 

3.63 

1331. 

1076. 

1.065 

0.070 

-6. 

26. 

30. -52. 
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DATE 

tabulated: 

18 FE8 

82 





ROC 

AT 

SMOKE 

k5S 


ejj 

P^ 

CHX 

PPM 

NQX 

PPM 

EFF 

i? 

CHX 

El 

NOX 

El 

169 



0.0032 










166 

EX 



0.0108 

2.21 

289. 

10.9 

22. 

99.26 

29.6 

1.9 

3.2 

16T 

P2 

0. 


0.0189 

3.81 

569. 

10.6 

27. 

99.23 

29.9 

0.9 

2.3 

168 

PZ 

0. 


0.0196 

3.09 

909. 

63.8 

12. 

98.08 

57.1 

6.3 

1.3 

169 

PZ 

0. 


0.0222 

9.91 

196. 

9.3 

99. 

99.76 

6.7 

0.3 

3.6 

170 



0.0018 










171 

EX 

0. 


0.0216 

9.92 

37. 

0.9 

112. 

99.91 

1.7 

0.1 

6.9 

172 

PZ 

77. 


0.0903 

7.81 

2998. 

99.9 

166. 

98.90 

61.3 

1.7 

6.9 

173 

PZ 

29. 


0.0287 

5.81 

166. 

2.7 

99. 

99.62 

9.8 

0.1 

9.6 

179 

PZ 

82. 


0.0926 

9.99 

9092. 

15.9 

290. 

98.10 

79 .5 

0.9 

7.7 

175 













176 

PZ 

96. 


0.0399 

7.03 

1060. 

20.6 

200. 

99.16 

30.0 

0.9 

9.3 

177 

PZ 

16. 


0.0299 

6.09 

290. 

3.6 

175. 

99.71 

9.7 

0.2 

9.6 

178 

PZ 

23. 


0.0997 

9.02 

926. 

2.3 

308. 

99.96 

20.5 

0.1 

11.2 


157 


OF POOR QUALITY 


PACE 1 


m m 

DATA 

LISTING FOR CONCEPT I 

MOD 2 - 

' “*SA 

PRIMARY 

ZONE 

STUDY 

• m 




DATE TABULATEOt 5 APR 82 




FLgM 

RDC 

COND 

NEASURENENT 

NA 

BIP 

BIT 

80T 

RISE 

UF 

f/k 

189 

IDLE 

NO CHEMISTRY 

2.28 

55.9 

373. 

1070. 

697. 

89.6 

0.01032 

28. 

191 

IDLE 

EXHAUST CHEH 

2.27 

55.9 

367. 

1079. 

706. 

85.2 

0.01091 

28. 

192 

IDLE 

PZ SEQUN RK 1 

2.29 

55.9 

368. 

1051. 

683. 

89.5 

0.01026 

27. 

193 

IDLE 

PZ SEQUN RK 2 

2.29 

55.9 

367. 

1099. 

682. 

85.2 

0.01035 

27. 

199 

IDLE 

PZ SEQUN RK 3 

2.29 

55.9 

367. 

1050. 

683. 

89.9 

0.01026 

27. 

195 

808 

NO CHEMISTRY 

9.59 

130.6 

620. 

1976. 

1355. 

323.9 

0.01958 

29. 

196 

808 

EXHAUST CHEH 

9.59 

131.6 

617. 

1979. 

1357. 

323.2 

0.01955 

29. 

197 

808 

PZ SEQUN RK 1 

9.66 

131.6 

608. 

1978. 

1370. 

325.5 

0.01992 

29. 

198 

808 

PZ SEQUN RK 2 

9.68 

133.5 

602. 

1995. 

1393. 

327.0 

0.01991 

29. 

199 

808 

PZ SEQUN RK 3 

9.68 

132.0 

601. 

1990. 

1388. 

327.6 

0.01996 

29. 

201 

1008 

NO CHEMISTRY 

9.89 

196.2 

751. 

2061. 

1309. 

395.0 

0.01958 

22. 

202 

1008 

EXHAUST CHEH 

9.88 

197.0 

799. 

2088. 

1339. 

392.9 

0.01952 

22. 

203 

808 

NO CHEMISTRY 

9.6C 

130.2 

619. 

1995. 

1326. 

323.5 

0.01952 

23. 

205 

808 

PZ SEQUN RK I 

9.57 

131.1 

609. 

2086. 

1981. 

323.5 

0.01967 

23. 

206 

808 

PZ SEQUN RK 2 

9.57 

m.7 

603. 

2117. 

1519. 

322.2 

0.01957 

23. 

207 

808 

PZ SEQUN RK 3 

9.58 

128.9 

600. 

2095. 

1999. 

322.9 

0.01957 

23. 

PAGE 2 










« * 

DATA 

LISTING FOR CONCEPT I 

MOD 2 - 

- NASA 

PRIMARY 

’ ZONE 

STUDY 

— 



DATE tabulated t 5 APR 82 


ROC 

CONO 

FI 

ACD 

OP/P 

HOT 

SKIN 

AVG 

skin 

TM/TA 

PATRN 

TIP 

F 

TMID 

F 

RHID 

F 

ROOT 

F 

189 

IDLE 

1.185 

5.29 

9.15 

837. 

690. 

1 .089 

0.128 

20. 

28. 

3. 

-51. 

191 

IDLE 

1.170 

5.26 

9 .06 

808. 

618. 

1.088 

0.133 

16. 

26. 

9. 

-97. 

192 

IDLE 

1.177 

5.30 

9.09 

807. 

606. 

1.108 

0.167 

18. 

26. 

2. 

-97. 

193 

IDLE 

1.175 

5.30 

9.09 

800. 

603. 

1.122 

0.187 

21. 

2 V • 

1. 

-99. 

199 

IDLE 

1,177 

5.29 

9.10 

769. 

599. 

1.116 

0.179 

19. 

26. 

3. 

-98. 

195 

80X 

1.156 

5.56 

3.56 

1175. 

969. 

1.119 

0.179 

6. 

37. 

29. 

-66. 

196 

SOX 

1.195 

5.59 

3.59 

1168. 

960. 

1.110 

0.160 

“1. 

35. 

26. 

-60. 

197 

BOX 

1.156 

5.57 

3.57 

1158. 

969. 

1.085 

0.123 

-8. 

29. 

27. 

-99. 

198 

SOX 

1.193 

5.60 

3.96 

1159. 

999. 

1.070 

0.101 

-90. 

27. 

96. 

-39. 

199 

sox 

1.159 

5.56 

3.57 

1202. 

939. 

1.068 

0.097 

-2. 

37. 

26. 

-61 » 

201 

lOOX 

1.165 

5.57 

3.63 

1266. 

1109. 

1.127 

0.200 

-VO. 

36. 

95. 

-90. 

202 

lOOX 

1.159 

5.59 

3.60 

1261. 

1102. 

1.067 

0.105 

-28. 

39. 

37. 

-99. 

203 

BOX 

1.162 

5.60 

3.57 

1211. 

999. 

1.131 

0.193 

7. 

93c 

27. 

-77. 

205 

sox 

1.138 

5.57 

3.95 

1193. 

969. 

1.036 

0.051 

-13. 

22. 

36. 

-96. 

206 

sox 

1.132 

5.56 

3,99 

1181. 

950. 

1 .028 

0.038 

-12. 

26. 

39, 

-53. 

207 

sox 

1.156 

5.57 

3.57 

1199. 

952. 

1.022 

0.030 

-16. 

23. 

91. 

-98. 


158 


CF POOR QUALiTY 


PACE 3 


c* « 

DATA 

LISTING FOR 

CONCEPT 

I HOD 

2 '4ASA PRIMARY 

ZONE STUDY — 







DATE 

TABULATED 1 5 APR 82 





ROC 

AT 

SMOKE 

»S 

CHEN 

C02 

CO CHX 

NOX 

EFF 

CO 

CHX 

NOX 




F/A 

X 

PPM PPM 

PPM 


El 

El 

El 

189 



0.0040 









191 

EX 

0. 


0.0116 

2.36 

363. 22.6 

19. 

99.01 

30.5 

3.0 

2.6 

192 

PZ 

0. 


0.0167 

3.36 

578. 29.8 

27. 

98.95 

34.1 

2.8 

2.6 

193 

PZ 

0. 


0.0136 

2.73 

538. 47.8 

20. 

98.58 

38.9 

5.4 

2.4 

194 

PZ 

0. 


0.0257 

5.15 

628. 15.8 

47. 

99.34 

24.3 

1.0 

3.0 

195 












196 

EX 

0. 


0.0228 

4.65 

33. 0.4 

113. 

99.92 

1.4 

0.0 

8.1 

197 

PZ 

51. 


0.0484 

9.36 

2446. 15.4 

206. 

98.74 

51.4 

0.5 

7.1 

198 

PZ 

100. 


0.0470 

7.70 

7679.2737.4 

139. 

87.31 

167.0 

93.6 

5.0 

199 

PZ 

91. 


0.0508 

9.4C 

6116. 138.6 

209. 

96.74 

122.9 

4.4 

6.9 

201 












202 

EX 

16. 


0.0239 

4.87 

22. 1.4 

190. 

99.91 

0.9 

0.1 

13.0 

203 












205 

PZ 

70. 


0.0484 

9.16 

4319. 29.0 

298. 

97.78 

90.9 

1.0 

10.3 

206 

PZ 

93. 


0.0423 

7.21 

6620.1827.7 

169. 

89.82 

158.9 

68.9 

6.7 

207 

PZ 

85. 

0.0020 

0.0609 

11.01 

8907. 76.5 

313. 

96.31 

150.9 

2.0 

8.7 


PACE 1 


OR^Gi^iAL 

OF POOR QUALITY 


{ 

DATA 1 

LISIINC FOR CONCEPT 1 MOD 3 •- NASA PRIMARY 
DATE TABULATED! 3 APR 82 

ZONE 

STUDY 


FLOW 

e 

ROC 

COND 

MEASUREMENT 

UA 

BIP 

8IT 

BOT 

RISE 

HF 

F/A 

21A 

BOS 

NO chemistry 

9.63 

130.8 

608. 

1923. 

1317. 

329.6 

0.01991 

29. 

213 

BOS 

EXHAUST CHEM 

9.66 

130.1 

611. 

1906. 

1293. 

329.6 

0.01933 

29. 

216 

BOS 

PZ SEOUN RK 1 

9.63 

131.3 

606. 

1990. 

1332. 

329.9 

0.01999 

29. 

217 

BOS 

PZ SEOUN RK 2 

9.61 

132.2 

610. 

1909. 

1300. 

329.3 

0.01957 

29. 

218 

BOS 

PZ SEOUN RK 3 

9.69 

129.9 

609. 

1911. 

1303. 

329.7 

0.01999 

23. 

219 

lOOS 

NO CHEMISTRY 

9.98 

1A7.0 

760. 

2013. 

1236. 

352.6 

0.01966 

29. 


PACE 2 

— DATA LISTINC FOR CONCEPT 1 HOD 3 NASA PRIMARY ZONE STUDY •> 


RDC 

COND 

FI 

ACD 

219 

80S 

1.161 

3.88 

213 

BOS 

1.172 

5.79 

216 

BOS 

1.131 

3.79 

217 

BOS 

1.139 

5.72 

218 

BOS 

1.168 

5.75 

219 

lOOS 

1.183 

5.87 


DATE 

TABULATED! 

3 APR 

OP/P 

HOT 

SKIN 

AVC 

SKIN 

TM/TA 

3.23 

117. 

0. 

1.136 

3.93 

116. 

0. 

1.116 

3.39 

118. 

0. 

1.032 

3.29 

121. 

0. 

1 .063 

3.92 

120. 

0. 

1.079 

3.37 

139. 

0. 

1.132 


PATRN TIP 

TMID 

RMID 

ROOT 

F 

F 

F 

F 

0.199 -53. 

25. 

57. 

-30. 

0.171 -85. 

29. 

71. 

-10. 

0.076 -78. 

21. 

70. 

•13. 

0.095 -72. 

23 . 

65. 

-15. 

0.116 -39. 

25. 

60. 

-25. 

0.293 -61, 

97. 

75. 

-60. 


PAGE 3 

" DATA listing for CONCEPT I HCD 3 » NASA PRIMARY ZONE STUDY • 

DATE TABULATED t 5 APR 62 


RDC 

219 

AT 

0.0012 


Cj2 

P^ 


m 

EFF 

^9 


"g! 

213 

EX 

12. 

0.0219 

9.38 

19. 

0.1 

131. 

99.99 

0,9 

0.0 

9.9 

216 

PZ 

98. 

0.0326 

6.39 

935. 

1.2 

197. 

99.65 

13. •) 

0.1 

7.9 

217 

PZ 

12. 

0.0296 

6.03 

93. 

0.7 

139. 

99.93 

1.9 

0.0 

7.9 

218 

PZ 

37. 

0.0987 

9.38 

2B72. 

13.9 

296. 

98.55 

60.0 

0.5 

8.5 


219 


O.OC16 


OR!G!^’AL PAGe rS 
OF POOR QUALITY 


PACE I 


mm 

DATA 

LISTING FOR CONCEPT 1 NCO A •• NASA 
DATE TAOULATEOt 26 

PRIMART 
MAY 82 

’ ZONE 

STUDY 

mm 

FLgH 

ROC 

COND 

NEASURENENT 

MA 

• IP 

BIT 

BOT 

RISE 

NF 

f/a 

2it 

SOS 

NO CHENISTRV 

A.5S 

131.1 

613. 

1928. 

1315. 

322.3 

0.01956 

23. 

237 

aos 

EXHAUST 

A. 58 

131.2 

611. 

19A0. 

1328. 

322.6 

0.01955 

23. 

238 

•os 

PI SEOUN RK 1 

A. 57 

131.6 

609. 

1930. 

1320. 

322.7 

0.01960 

23. 

23f 

aos 

P2 SEOUN RK 2 

A. 56 

132.8 

609. 

19A!>. 

1330. 

322.9 

0.01967 

23. 

2A0 

aos 

PI SEOUN RK 3 

A. 58 

130.9 

610. 

1957. 

13A7. 

322.3 

0.01956 

23. 

2A1 

aos 

PZ SEOUN RK A 

A. 62 

132.6 

609. 

1932. 

1323. 

322.2 

0.01936 

23. 

2A2 

lOOS 

NO CHEMISTRY 

A. 97 

1A6.7 

7A6. 

2076. 

1326. 

351.8 

0.01966 

22. 


PACE 2 


-- 1 

DATA I 

LISTING 

FOR CONCEPT 
DATE 

I MOO A — 

tabulated: 

NASA PRIMARY ZONE STUDY 
26 NAY 82 

m m 


RDC 

COND 

FI 

ACD 

DP/P 

sWn 


TM/TA 

PATRN T^P 

TMp 

RM^D 

RD^T 

236 

80S 

1.1A3 

5.50 

3.59 

87. 

0. 

1.105 

0.15A >29. 

57. 

58. 

-87. 

237 

•OS 

1.1A3 

5.A6 

3.6* 

87. 

0. 

1.078 

O.llA >16. 

5A. 

A7. 

-87. 

238 

80S 

1.136 

5.51 

3.52 

89. 

0. 

1 .100 

0.1A6 -27. 

56. 

A9. 

-78. 

239 

SOS 

1.122 

5.51 

3.AA 

90. 

0. 

1.076 

0.110 -21. 

55. 

A9. 

-8A. 

ZAO 

SOX 

I.IAA 

5.A9 

3.60 

91. 

0. 

1.089 

0.130 -6. 

55. 

A2. 

•92. 

2A1 

aos 

1.139 

5.52 

3.5A 

90. 

0. 

1.07A 

0.108 -7. 

52. 

A3. 

• 

0 

1 

2A2 

lOOS 

1.178 

5.51 

3.79 

9A. 

0. 

1 .118 

0.18A 6. 

60. 

AA.* 

112. 


PACE 3 
-- DATA 

LISTING FOR 

CONCEPT 

DATE 

I MCD A — NASA PRIMARY 
TABULATED > 26 MAY 82 

ZONE STUDY — 



ROC AT 
236 

smoke 

lbc 

F/A 

0.0015 

CHEM 

F/A 

C02 

S 

CO 

PPM 

CHX 

PPM 

NOX 

PPM 

EFF 

CO 

El 

CMX 

El 

NOX 

El 

237 EX 

A. 


0.0216 

A.A6 

28. 

0.5 

153. 

99.92 

1.3 

0.0 

11. A 

238 PZ 

36. 


O.0A80 

9.28 

2712. 

9.1 

250. 

98.62 

57.A 

0.3 

8.7 

239 PZ 

8. 


0.0337 

6.79 

166. 

0.6 

191. 

99. 8A 

A. 9 

0.0 

9.3 

ZAO PZ 

23. 


0.0500 

9.77 

1700. 

2.0 

272. 

99.16 

3A.6 

0.1 

9.1 

2A1 PZ 
2A2 

25. 

0. 

0.0016 

0.0286 

5.80 

357. 

1.1 

139. 

99.68 

12.A 

0.1 

7.9 


]61 


C t;2::'5AL PAGE IS 
OF POOR QUALITY 


PACE 1 

DATA LISTING FOR CONCEPT I NOD S • 
DATE TABULATED 


ROC 

COND 

NEASURENENT 

MA 

■ IP 

266 

BOI 

NO 

CNEHISTRY 

A. 99 

131.1 

287 

801 

EIHAUST CHEN 

A. 98 

130. A 

288 

BOI 

P2 

SEQUN RK 1 

A. 99 

131.9 

2B9 

601 

P2 

SEOUN RK 2 

A. 62 

131.3 

290 

801 

PZ 

SEQIN RK 3 

A. 97 

130.9 

291 

801 

PZ 

SEQUN RK A 

A. 99 

131.2 

292 

801 

NO 

CHENISTRT 

9.26 

129.6 

293 

lOCI 

NO 

CNEHISTRY 

A. 99 

1A8.1 


' NASA 
28 

PRINARY 
NAY 82 

ZONE 

STUDY 

m m 

FLOW 

• IT 

•OT 

RISE 

NF 

F/A 

C 

616. 

1863. 

12A7. 

923. A 

0.01957 

33. 

623. 

19A9. 

1326. 

323.6 

0.01961 

31. 

60A. 

192A. 

1320. 

323.2 

0.01955 

29. 

607. 

1907. 

1300. 

323.7 

0.019A6 

29. 

611. 

1933. 

1321. 

323.6 

0.01966 

27. 

612. 

1932. 

1320. 

323.3 

0.01995 

27. 

612. 

1869. 

1293. 

370.2 

0.01957 

25. 

795. 

1989. 

1228. 

3A9.3 

0.01962 

2A. 


PACE 2 

— DATA LISTING FOR CONCEPT I NOD 5 -- NASA PRINARY ZONE STUDY •- 






DATE 

TABULATED: 

28 NAY 

82 





ROC 

COND 

FI 

ACO 

OP/P 

HOT 

SKIN 

AVC 

SKIN 

TN/TA 

PATRN 

TIP 

F 

TN^D 

RH^D 

RO^ 

286 

801 

1.1A8 

5.11 

A. 19 

0. 

0. 

I.IAA 

0.215 

3. 

31. 

38. 

-7A 

287 

801 

1.196 

9.08 

A. 30 

0. 

0. 

1 .098 

O.IAA 

8. 

37. 

A2. 

*87 

268 

801 

1.139 

9.03 

A. 25 

0. 

0. 

1.125 

0.183 

•5. 

27. 

A7. 

-71 

269 

801 

1.190 

9.07 

A. 27 

0. 

0. 

1.12A 

0.182 

-0. 

30. 

A5. 

-7A 

290 

BOI 

1.1A7 

9.07 

A.2A 

0. 

0. 

1.13A 

0.196 

3. 

3A. 

A6. 

-82 

291 

801 

1.1A7 

9.08 

A. 23 

0. 

0. 

1.120 

0.175 

1. 

30. 

A5. 

-75 

292 

801 

1.327 

9.09 

5.73 

0. 

0. 

I.IAA 

0.21A 

A. 

36. 

AA. 

-85 

293 

1001 

1.16A 

9.21 

A.IA 

c. 

0. 

l.lOA 

0.166 

6. 

38. 

A9. 

-9A 


PAGE 3 

— DATA LISTING FOR CONCEPT 1 NOD 5 •• NASA PRINARY ZONE STUDY -- 

DATE TABULATEDt 26 NAT 82 


*0C 

286 

AT 

SNOKE 

0.0020 


CS2 

P^8 

m 

m 

EFF 

19 



287 

EX 

11. 

0.0215 

A. 39 

3A. 

A.O 

120. 

99.90 

1.6 

0.3 

9.1 

268 

PZ 

A9. 

0.023A 

A. 72 

A99. 

2.2 

79. 

99.92 

19.5 

0.1 

5.9 

289 

PZ 

26. 

0.0170 

3.A7 

76. 

50.8 

93. 

99. AA 

A. A 

A. 6 

9.1 

290 

PZ 

27. 

0.0306 

6.17 

305. 

2.6 

127. 

99.73 

9.9 

0.1 

6.8 

291 

292 

293 

PZ 

lA. 

9. 

9. 0.0020 

0.0296 

9.17 

A93. 

6.6 

lOA. 

99.53 

17.6 

O.A 

6.6 


1 JUNE %2 


CONCEPT I 


OR’Ql^'AL t3 

OF. POOR QUAulfY 


» TAIULATION OF OAT* FROH PRIMARY {ONE PROtES •• 


ROC 

COMi CONCEPT NOD 

RAKE 

lOCauSn f/a 



« • « » 
SMOk 

92 

lOLE 

1 6ASLNE 

1 

11.29 

0.0226 

99.00 

A. 93 

932. 

99. 


95 

IDLE 

I 6ASLNE 

2 

22.90 

0.0121 

96.08 

2.AA 

A72. 

8. 


96 

IDLE 

1 6ASLNE 

3 

19.90 

0*0200 

99.66 

A. 08 

2A7. 

33. 


97 

IDLE 

I 6ASLNE 

1 

11.29 

0.0233 

96.60 

A. 62 

1392. 

Al. 

7. 

9« 

IDLE 

1 6ASLNE 

2 

22.90 

0.0120 

96.21 

2. AO 

707. 

9. 

0. 

99 

IDLE 

I 6ASLNE 

3 

19.90 

0.0177 

99.97 

3.61 

307. 

26. 

0. 

100 

IDLE 

1 6ASLNE 

3 

19.90 

0.018A 

99.66 

3.76 

297. 

29. 


109 

1006 

I 6ASLNE 

1 

11.29 

0.0A36 

96.09 

8.07 

9187. 

179. 

92. 

106 

1006 

1 6ASLNE 

2 

22.90 

0.0202 

99.77 

A, 12 

163. 

102. 

36. 

107 

1006 

1 BASLNE 

3 

19.90 

0.0399 

99.91 

7.93 

796. 

222. 

36. 

167 

IDLE 

1 1 

1 

11.29 

0.0189 

99.23 

3.81 

969. 

27. 

0. 

166 

IDLE 

I 1 

2 

22.90 

0.0196 

96.06 

3.09 

90A. 

12. 

0. 

169 

IDLE 

I 1 

3 

19.90 

0.0222 

99.76 

A. 91 

196. 

A9. 

0. 

172 

606 

I 1 

1 

11.29 

0.0A03 

96. AO 

7.81 

2AA8. 

168. 

77. 

173 

606 

I 1 

2 

22.90 

0.0287 

99.62 

9.81 

166. 

99. 

2A. 

176 

606 

1 

3 

19.90 

0.0926 

98.10 

9.99 

Au92. 

2A0. 

62. 

176 

1006 

I 1 

1 

11.29 

0.0399 

99.18 

7.03 

1060. 

200. 

96. 

177 

1006 

1 1 

2 

22.90 

0.0299 

99.71 

6.0A 

290. 

179. 

16. 

176 

1006 

I 1 

3 

19.90 

0.0A97 

99. A6 

9.02 

926. 

308. 

23. 

192 

IDLE 

I 2 

1 

1' 29 

0.0167 

98.99 

3.36 

976. 

27. 

0. 

193 

IDLE 

I 2 

2 

22.90 

0.0136 

98.98 

2.73 

930. 

20. 

0. 

196 

IDLE 

I 2 

3 

19*90 

0.0297 

99. 3A 

9.19 

620. 

A7. 

0. 

197 

606 

I 2 

1 

ll..?9 

O.C^e^ 

98. 7 A 

9.36 

2AA6. 

206. 

91. 

196 

606 

I 2 

2 

22.90 

0.0A70 

87.31 

7.70 

■'679. 

139. 

100. 

199 

606 

I 2 

3 

19.90 

0.0908 

96. 7A 

9. AO 

6116. 

209. 

91. 

209 

606 

I 2 

1 

11.29 

0.0A6A 

97.76 

9.16 

A319. 

290. 

70. 

206 

606 

I 2 

2 

22.90 

O.OA23 

69.62 

7.21 

6620. 

169. 

93. 

207 

606 

1 2 

3 

19.90 

0.0609 

96.31 

11.01 

6907. 

313. 

89. 

216 

606 

I 3 

1 

11.29 

0.0326 

99.69 

6.9A 

A39. 

1A7. 

AO. 

217 

606 

I 3 

2 

22.90 

0.0298 

99.93 

6.03 

A3. 

13A. 

12. 

216 

606 

I 3 

3 

19.90 

0.0A£7 

96.99 

9.38 

2672. 

2A6. 

37. 

236 

606 

1 A 

1 

11.29 

0.0A60 

96.62 

9.28 

2712. 

290. 

36. 

239 

606 

I A 

2 

22.90 

0.0337 

99 .6A 

6.79 

166. 

191. 

8. 

260 

606 

1 A 

3 

19.90 

0.0900 

99.16 

9.77 

170C. 

272. 

23. 

261 

606 

1 A 

A 

7.90 

0.0286 

99.60 

9.60 

397. 

139. 

29. 

266 

606 

I 9 

1 

11.29 

0.023A 

99.92 

A. 72 

A99. 

79. 

A9. 

269 

606 

I 9 

2 

22.90 

0.0170 

99. AA 

3.A7 

76. 

93. 

20. 

290 

606 

I 9 

3 

19.90 

0.0306 

99.73 

6.17 

309. 

127. 

27. 

291 

606 

I 9 

A 

7.90 

0.0296 

99.93 

9.17 

A93. 

lOA. 

lA. 


original page *3 
OF, POOR QUALITY 


»ACE 2 

1 JUNE *2 -- TASULATION Of DATA ffON PRIMARY 

ROC CONO CONCEPT MOO RAKE PORT LUmhH 
92 IDLE 1 DASLNE 1 


ZONE rRODl S 


DA lOLE 


,1! ip 

|ooH 

107 lOOR 
167 lOLE 


lAD lOLE 


169 lOLE 


176 loot 


177 loot 


17D loot 


DASLNE 


1 ASLNE 
ASLNE 
ASLNE 
A|LNE 
ASLNE 
DASLNE 
DASLNE 


3 5.66 0.0213 


11:11 l=li 


CONCEPT 1 
VALUE S>--* 


95 IDLE 1 DASLNE 2 
♦PORTS CONNECTED DACKMAROS 


O.OIDD 99.35 


nil: 

633. 

662. 


MANIFOLtEO 

NANIFOLDEO 


MANifQLpIO 

MANIfOLOiO 


8 : 8 iS; 

0.0131 

o.ofos 


0.0270 

0.0216 

hm 


90. D1 
90. D7 

99.69 

99.71 


6.0? 0.0226 

l:h 8:8!9? 

5.12 0.015D 

1:91 urn 


99,17 

11:9! 

99.56 

U:l^ 


9:91 8:81?} 

5.66 0.0612 

5.12 0.0352 

6.07 0.0600 

1:18 8:1181 


0.0257 

dill 


88:81 

99.66 

99.65 

81:88 

96.53 

99.70 

97.60 

99.57 

99.66 
99.63 

99.66 

99.59 

88:tl 

99.60 

88:88 

99.66 


qif: 


li:8i !HI: 


5.66 

5.12 

0.0169 

0.0121 


3.35 

2.61 

693. 

660. 

12. 
6 • 

6.07 

5.75 

5.66 

5.12 

0.0271 

0.0212 

8:8!ll 

99.66 

99.59 

18: 

5.50 

|:8? 

2.76 

161. 

306, 

Ml: 

50. 

50. 

M: 

6.07 

0.0305 

97.13 

7.28 

6259. 

Ml. 


11.09 

7.06 


8671. 

391. 
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OP»GfNAL’ PAGE FS 
Of- POOR QUALITY 


PACE ? CCNTIMUEO 

1 JU4E Bl — TAIULATIDH Of DATA PROP PRlMAry ?OHE PROBES — CONCEPT ! 
POC COND CONCEPT NOO RilKE PORT L^SItfaN 

192 IDL^ >21 R f PPM PPH 


193 IJLE 

194 IDLE 

197 SOI 

198 80R 

199 SOR 

205 80R 

206 80R 

207 BOR 


2 2 
2 3 

2 1 

2 2 

2 3 

2 1 

2 2 

2 3 



216 BOR 

217 BOR 

218 BOR 

238 BOR 

239 BOR 


3 1 

3 2 

3 3 

4 1 

4 2 


lil! mil Ml !lij| .?«}: 

7190. 


4 9.37 0.0612 97.13 11.26 


S:” 


!:?' 


0.0353 

0.0319 


99.25 


6.02 

6.62 

^ 7.09 

99.90 6.44 


99.68 
99.75 


^•0383 





i!i: 

287. 

359 . 

149. 

193. 

14V. 

136. 

130 . 

lit! 

295. 

244. 

214. 

273. 

W- 

227. 

172. 

199. 
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ORiG»r^AL PAGE IS 

OF POOR QUALITY 


PACE 2 CONTINUED 

1 JUNE t2 TAIULATION OF DATA FRON PRIHART 


ROC CONO CONCEPT HOD RAKE PORT L 


2AO 80R 


2A1 aos 


266 60X 


269 60S 


290 aox 


291 SOX 


I 


|:9I 

5.99 
5.12 


*f7a' 


ZONE PROSES •• CONCEPT I 

INO^If^OUALcggRT V^IjUES- 5;, 
X X PPM PPM 


mu 

8 .0986 
.0996 


958. 

588. 


99.26 

99.65 


9.51 1958. 

8.85 


6.07 

5.75 

hn 


0.0115 

0.0268 

hm 


|:?5^ 

5.99 

0.0138 

hm 

5.12 

0.0191 

1 : 9 ? 

0.0290 

0.0390 

5.99 

0.0269 

5.12 

0.0327 

6.07 

0.0115 

5.75 

0.0232 

5.99 

0.0990 

5.12 

0.0293 


98.66 

99.50 

99.57 

99.80 


2.32 

9.66 

8.79 

9.99 


500. 

990. 

726. 

199. 


269. 


1 

6.07 

0.0091 

99.03 

1.89 

373. 

97. 

2 

5.75 

0.0331 

99.66 

6.69 

991. 


3 

5.99 

0.0911 

99.79 

8.21 

377. 

229 

9 

5.12 

0.0329 

99.79 

6.53 

290. 

158. 


98.55 2.31 725. 

99.29 5.36 835. 

mi 

96.97 2.80 69. 

99.63 9.QQ 60. 

99.73 9.20 92. 

99. '»0 2.69 69. 

mi in: 

99.73 5.99 257. 

99.86 6.61 192. 


35. 

93. 

'8i; 

it: 

tl: 

i8!: 

113. 

139. 

96. 

93. 

172. 

109. 


CR’G’r:?-’. IS 

OF PCCi^ quality 


PAGE 1 

•• DATA LISTING FOR CONCEPT II lASELINE >• NASA PRIHARY ZONE STUDY •• 





DATE TABULATED 

: 9 

FEB 62 




FLOW 

C 

RDG 

COND 

NEASUREHENT 

MA 

BIP 

BIT 

80T 

RISE 

HF 

F/A 

116 

lOOS 

NO CHEMISTRY 

6.96 

165.1 

752. 

1981. 

1230. 

365.6 

0.01963 

25. 

117 

lOOX 

NO CHEMISTRY 

6.96 

167.0 

751. 

1998. 

1267. 

369.6 

0.01965 

26. 

12A 

IDLE 

NO CHEMISTRY 

2.27 

56.7 

367. 

1061. 

675. 

85.5 

0.01065 

29. 

125 

IDLE 

EXHAUST 

CHEH 

2.27 

55.6 

370. 

1056. 

687. 

86.6 

0.01056 

29. 

126 

IDLE 

PZ SEQUN 

RK 1 

2.28 

55.2 

370. 

1060. 

690. 

85.8 

0.01067 

29. 

127 

IDLE 

P2 SEQUN 

RK 2 

2.26 

55.2 

370. 

1050. 

680. 

85.1 

0.01066 

29. 

128 

IDLE 

PZ SEQUN 

RK 3 

2.28 

55.6 

368. 

1039. 

670. 

66.5 

0.01055 

29. 

129 

IDLE 

EXHAUST 

CHEM 

2.29 

55.3 

368. 

1056. 

665. 

65.1 

0.01033 

29. 

ISO 

IDLE 

NO CHEMISTRY 

2.29 

55.0 

3»7. 

1029. 

662. 

86.2 

0.01021 

29. 

133 

ALT 

EXHAUST 

CHEH 

2.60 

78.2 

696. 

1896. 

1199. 

189.9 

0.02028 

25. 

136 

ALT 

NO CHEMISTRY 

2.61 

78.6 

686. 

1852. 

1168. 

190.1 

0.02023 

25. 

135 

ALT 

EXHAUST 

CHEH 

2.6C 

78.9 

662. 

1878. 

1196. 

189.3 

0.02025 

25. 

136 

508 

EXHAUST 

CHEH 

3.66 

99.0 

565. 

1557. 

1012. 

207.1 

0.01570 

26. 

137 

508 

NO CHEMISTRY 

3.67 

98.6 

538. 

1530. 

992. 

205.6 

0.01557 

26. 

138 

808 

NO CHEMISTRY 

6.57 

129.6 

616. 

1829. 

1215. 

321.7 

0.01958 

25. 

139 

808 

EXHAUST 

CHEM 

6.57 

130.0 

615. 

1872. 

1257. 

321.3 

0.01955 

25. 

160 

808 

PZ SEQUN 

RK 1 

6.56 

129.8 

606. 

1750. 

1166. 

321.2 

0.01956 

25. 

161 

808 

PZ SEQUN 

RK 2 

6.56 

130.5 

606. 

1752. 

1166. 

321.3 

0.01956 

25. 

162 

808 

PZ SEQUN 

RK 2 

6.56 

131.6 

606. 

1755. 

1150. 

321.0 

0.01963 

25. 

163 

808 

PZ SEQUN 

RK 3 

6.55 

126.6 

606. 

1767. 

1163. 

320.8 

r!c01959 

25. 

166 

808 

PZ SEQUN 

RK 3 

6.56 

129.0 

603. 

1737. 

1136. 

321.3 

0.01958 

25. 
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PAGci fs 

OF POOR QUALITY 


PAGE 2 

— DATA LISTING FOR CONCEPT II BASELINE — NASA PRINART ZONE STUDY -> 






DATE 

TABULATED! 

9 FEB 82 




ROG 

JONO 

FI 

ACO 

OP/P 

HOT 

SKIN 

AVC 

SKIN 

TH/TA 

PATRN 

Y 

THp 

RNID ROp 

il6 

lOOX 

1.1 «6 

5.67 

3.63 

1203. 

1111. 

1.134 

0.216 

7. 

18. 

21. -44 

117 

lOOS 

1.169 

5.6 7 

3.52 

1330. 

1098. 

1.137 

0.220 

6. 

19. 

20. -45 

124 

IDLE 

1.196 

5.69 

3.66 

809. 

553. 

1.113 

0.175 

20. 

24. 

5. -49 

12S 

IDLE 

1.177 

5.63 

3.63 

612. 

561. 

1.110 

0.170 

19. 

22. 

4. -43 

126 

IDLE 

1.187 

5.67 

3.64 

832. 

565. 

1.106 

0.162 

21. 

22. 

2. -45 

127 

IDLE 

1.178 

5.60 

3.67 

855. 

567. 

1.115 

0.178 

18. 

21. 

4. -43 

128 

IDLE 

1.179 

5.63 

3.63 

853. 

565. 

1.060 

0.093 

22. 

22. 

2. -45 

129 

IDLE 

1.190 

5.64 

3.70 

854. 

566. 

1.094 

0.145 

20. 

21. 

3. -43 

130 

IDLE 

1.198 

5.65 

3.72 

852. 

565. 

1.109 

0.169 

20. 

23. 

4. -47 

133 

ALT 

1.131 

5.55 

3.45 

1411. 

1126. 

1.122 

0.193 

29. 

32. 

18. -78 

134 

ALT 

1.123 

5.56 

3.3B 

1395. 

1111. 

1.131 

0.206 

25. 

36. 

21. -82 

135 

ALT 

1.113 

5.53 

3.35 

1391. 

1105. 

1.132 

0.208 

27. 

31. 

17. -76 

136 

SOX 

1.173 

5.70 

3.52 

1086. 

834. 

1 .142 

0.218 

24. 

29. 

9. -62 

137 

sox 

1.175 

5.71 

3.51 

1081 . 

826. 

1 .154 

0.237 

19. 

30. 

13. -61 

138 

80X 

1.155 

5.49 

3.67 

1272. 

1018. 

1.235 

0.354 

14. 

30. 

12. -56 

139 

BOX 

1.151 

5.50 

3.63 

1282. 

1023. 

1.170 

0.254 

18. 

28. 

8. -54 

140 

BOX 

1.148 

5.51 

3.60 

1222. 

997. 

1.026 

0.039 

-7. 

10. 

25. -27 

141 

BOX 

1.141 

5.53 

3.53 

1197. 

977. 

:.030 

0.045 

”^6. 

11. 

25. -28 

142 

BOX 

1.126 

5.51 

3.47 

1199. 

975. 

1.025 

0.039 

-5. 

12. 

23. -29 

143 

BOX 

1.154 

5.52 

3.63 

1199. 

974. 

1.037 

0.056 

•6. 

14. 

20. -27 

144 

BOX 

1.151 

5.51 

3.61 

1215. 

988. 

1.042 

0.064 

-9. 

8. 

30. -27 


168 




PAQ^ fS 

OF FOGR QUALITY 


PAGE 3 

» DATA LISTING FOR CONCEPT II BASELINE NASA PRINARV lONE STUDY >• 






DATE 

TABULATED t 

9 FEB 1 

82 





ROG 

AT 

SNOKE 

LBO 

CHEH 

CD2 

(0 

CHX 

NQX 

EFF 

CO 

CHX 

NpX 




F/A 

F/A 

t 

PPN 

PPH 

PPM 


El 

El 

n 

116 













117 













124 













125 

EX 



0.0097 

1.95 

406. 

52.8 

12. 

98.26 

40.8 

8.3 

1.9 

126 

P2 

6. 


0.0139 

2.79 

543. 

54.5 

25. 

98.53 

38.4 

6.1 

2.9 

127 

P2 

10. 


0.0201 

3.98 

903. 

151.2 

30. 

97.87 

44.3 

11.7 

2.5 

128 

P2 

0. 


0.0129 

2.51 

942. 

215.1 

6. 

95.93 

71.4 

25.6 

0.8 

129 

EX 



0.0096 

1.94 

389. 

43.7 

7. 

98.42 

39.4 

7.0 

1.2 

130 













133 

EX 



0.0176 

3.60 

28. 

1.8 

148. 

99.89 

1.6 

0.2 

13.6 

134 













135 

EX 



0.0212 

4.33 

32. 

0.9 

139. 

99.91 

1.5 

0.1 

10.7 

136 

EX 



0.0162 

3.32 

35. 

0.6 

84. 

99.91 

2.1 

0.1 

8.4 

137 













138 













139 

EX 



0.0205 

4.19 

26. 

0.2 

136. 

99.92 

1.2 

0.0 

10.8 

140 

P2 

34. 


0.0345 

6.91 

339. 

1.8 

185. 

99.73 

9.8 

0.1 

8.8 

141 

P2 

61. 


0.0462 

8.79 

3927. 

7.1' 


♦♦♦♦•• 

88.5 

0.3444** 

142 

P2 

66. 


0.0343 

6.80 

1070. 

8.9 

210. 

99.20 

31.3 

0.4 

10.1 

143 

P2 

0. 


0.0266 

5.36 

359. 

6.7 

137. 

99.62 

13.4 

0.4 

8.4 

144 

P2 



0.0244 

4.96 

58. 

1.6 

116. 

99.90 

2.4 

0.1 

7.7 
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OF FOOR QUAUSY 


PACE 1 



DATA LISTING FOR CONCEPT II NOD 1 NASA PRINARY ZONE 

DATE TA 8 ULATEDI 2 NAR 82 

STUDY 


flow 

c 

ROC 

CONO 

NEASURENENT 

MA 

8 IP 

8 IT 

80T 

RISE 

MF 

F/A 

17» 

IDLE 

NO CHEN IS TRY 

2.33 

36. A 

360. 

lOAA. 

68 A. 

87.3 

0.01033 

28. 

ISO 

808 

NO CHEN IS TRY 

A. 38 

130.8 

611. 

1897. 

1286. 

322.2 

0.01932 

23. 

181 

808 

EXHAUST CHEN 

A. 38 

131. A 

612. 

1931. 

1319. 

322.8 

0.01959 

23. 

183 

808 

PZ SEOUN RK 1 

%.60 

131.1 

609. 

1832. 

12A3. 

322.1 

0.019A6 

23. 

18% 

808 

PZ SEOUN RK 2 

A.61 

132.7 

608. 

18A6. 

1238. 

320.7 

0.01935 

23. 

183 

808 

PZ SEOUN RK 3 

A. 60 

130.0 

61C. 

1862. 

1232. 

322.0 

0.019A6 

23. 

186 

1008 

NO CHENISTRY 

A. 92 

1A3.3 

733. 

2007. 

123A. 

3AA.3 

0.019A3 

23. 

187 

1008 

EXHAUST CHEN 

A. 93 

1A6.0 

730. 

2013. 

1263. 

3A3.6 

0.01935 

23. 


PACE 2 

— DATA LISTINC FOR CONCEPT 1 1 NOD 1 -* NASA PRINARY ZONE STUDY — 






DATE 

tabulated: 

2 NAR 82 




RDG 

COND 

FI 

ACD 

OP/P 

MOT 

SKIN 

AVG 

SKIN 

TN/TA 

PATRN 

TIP 

F 

TNID 

F 

RNIO ROOT 
F F 

179 

IDLE 

1.191 

3.87 

3.A1 

828. 

593. 

1.113 

0.172 

11 . 

23. 

9. -A2. 

180 

808 

1.1A7 

5.76 

3.29 

1161. 

980. 

1.186 

0.27A 

-5. 

18. 

16. -29. 

181 

808 

l.lAl 

5.75 

3.26 

1162. 

991. 

I.IAO 

0.20A 

-A . 

15. 

U. -23. 

183 

808 

1 .1A7 

5.75 

3.29 

1171. 

978. 

1.035 

0.032 

- 11 . 

10 . 

9. - 8 . 

18A 

808 

1.13A 

5.75 

3.23 

1163. 

972. 

1.06A 

0.095 

-9. 

13. 

5, -5. 

183 

808 

1.136 

5.7A 

3.36 

1167. 

976. 

1.068 

0.101 

-7. 

lA. 

A . — 6 . 

186 

1008 

1.180 

3.69 

3.57 

1292. 112A. 

1.135 

0.216 

A. 

26. 

-7. -21. 

187 

1008 

1.173 

3.63 

3.59 

1292. 1123. 

1.079 

0.126 

-3. 

17. 

-3. -lA. 


PACE 3 

*• DATA LISTING FOR CONCEPT II NOD I •> NASA PRINARY ZONE STUDY 

DATE TABULATED I 2 NAR .2 


ROC 

AT 

SNOKE 

m 


C 52 

P^S 

m 

m 

EFF 


C|{ 

Ng, 

179 



0.0030 










180 



O.OPAO 










181 

EX 

0 . 


0.0217 

A.A2 

32. 

2.0 

151. 

99.90 

1.3 

0.1 

11 . A 

183 

PZ 

7. 


0.0372 

7.A6 

272. 

0.2 

190. 

99.79 

7. A 

0.0 

8 . A 

18A 

PZ 

16. 


0.0270 

3. A3 

5A2. 

1.2 

17A. 

99. A9 

20.0 

0.1 

10.5 

185 

PZ 

21 . 


0.0322 

6.A7 

351. 

0.9 

202 . 

99.70 

10.9 

0.0 

10.3 

186 


21 . 











187 

EX 

3. 

0.0023 

0.0209 

A. 27 

23. 

0.1 

201 . 

99.90 

1.1 

0.0 

13.6 
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PACE 1 


IS 

0; Qij.iL I V 

•• DATA LISTING FOR CONCEPT 1 1 NOD 2 •* NASA PRINARY ZONE STUDY » 

DATE TAIULATED: 5 APR 62 


RDC 

COND 

NEASUREHENT 

MA 

• IP 

BIT 

BOT 

RISE MF 

F/A 

• 

206 

• OX 

NO 

CHENISTRY 

A.6A 

130.3 

610. 

1869. 

1259. 325.5 

0.019A7 

23. 

209 

• OX 

EXHAUST CHEN 

A.6A 

132.0 

609. 

1890. 

1281. 325. A 

0.019A7 

23. 

210 

•ox 

PZ 

SEOUN RK 1 

A. 66 

130.8 

605. 

1873. 

1268. 325.5 

0.01938 

23. 

211 

•ox 

PZ 

SEQUN RK 2 

A. 63 

131.6 

603. 

1880. 

1277. 325.7 

0.019A7 

23. 

212 

•ox 

PZ 

SEQUN RK 3 

A. 66 

130.9 

601. 

165A. 

1253. 32A.9 

0.01938 

23. 

213 

lOOX 

NO 

CHEMISTRY 

5.00 

1A5.9 

757. 

200A. 

12A7. 352.5 

0.01960 

23. 


PACE 2 


— 1 

DATA 1 

LISTING 

FOR CONCEPT 
DATE 

11 MOO 2 — 
TABULATED: 

NASA PRIMARY ZONE 
5 APR 82 

STUDY 



ROC 

COND 

FI 

ACD 

DP/P 

SK?N SkKn 

TM/TA 

PATRN 


TM^D 

RMp 

ROpT 

208 

BOX 

1.165 

5.62 

3.57 

1360. 1058. 

1.160 

0.237 

-5. 

22. 

35. 

*52. 

209 

SOX 

1.150 

5.63 

3.A6 

13A5. 1057. 

1.1A3 

0.210 

3. 

25. 

32. 

-59. 

210 

BOX 

1.16A 

5.66 

3.51 

1317. 10A9. 

I.IAO 

0.207 

A. 

25. 

33. 

-60. 

211 

BOX 

1.151 

5.67 

3.A1 

1317. 1050. 

1.1A2 

0.209 

3. 

27. 

35. 

-65. 

212 

8 OX 

1.158 

5.68 

3.AA 

1300. 10A3. 

1.1 A8 

0.219 

3. 

26. 

35. 

-62. 

213 

lOOX 

1.19A 

5.66 

3.69 

1A53. 121A. 

1.1A8 

0.238 

A. 

28. 

36. 

-68. 


PACE 3 
— DATA 

LISTING FOR 

CONCEPT 

11 HOD 

2 — 

NASA PRIMARY 

ZONE STUDY — 



ROC AT 

SMOKE 


DATE 

tabulated: 

5 APR 82 

m 

t$iS 

EFF 

E? 

Cg{ 

Ti 

208 
209 EX 

8. 

0.0020 

0.0212 

A. 33 

27. 

0.8 

lAO. 

99.92 

1.2 

C.l 

10.7 

210 PZ 

27. 


0.0282 

5.70 

265 . 

1.0 

1A7. 

99. 7A 

9. A 

0.1 

8.5 

211 PZ 

33. 


0.0371 

V.33 

1313. 

A. 8 

218. 

99.13 

35.6 

0.2 

9.7 

212 PZ 

29. 


0.0280 

5.66 

282. 

2.0 

162. 

99.71 

10.0 

0.1 

10.6 

213 


0.0C15 
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ORiGiKAL PAGE 13 

OF POOR QUALITY 

PACE 1 

•» DATA LISTING FOR CONCEPT II HOD 3 •> NASA PRIHARY ZONE STUDY •• 






DATE TA8ULATEDI 26 HAT 82 



FLOW 

F/A f 

ROC 

COND 

NEASUREHENT 

MA 

BIP BIT 

80 T 

RISE 

NF 

2Z7 

IDLE 

NO CHEHISTRY 2.33 

55.3 381 

. 1030. 

649 

. 87.4 

0.01041 26. 

228 

IDLE 

EXHAUST CHEN 2.32 

54.6 369 

. 1027. 

659 

. 87.6 

0.01047 26. 

229 

808 

NO CHEHISTRY 4.33 

130.4 615 

. 1902. 

1287 

. 317.4 

0.01944 23. 

280 

808 

EXHAUST CHEN 4.30 

129.3 621 

. 1920. 

1299 

. 317.2 

0.01960 23. 

231 

808 

PZ SEOUN RK 

1 4.49 

129.0 624 

. 1895. 

1270 

. 317.4 

0.01962 23 , 

232 

808 

PZ SEOUN RK 

2 4.48 

130.2 624 

. 1915. 

1292 

. 318.9 

0.01976 23. 

233 

808 

PZ SEOUN RK 

3 4.55 

130.1 609 

. 1865. 

1257 

. 324.5 

0.01980 23. 

23A 

808 

PZ SEOUN RK 

4 4.59 

130.9 607 

. 1868. 

1261 

. 321.4 

0.01944 23. 

233 

1008 

NO CHEHISTRY 4.98 

147.8 755 

. 1974. 

1219 

. 352.4 

0.01965 23. 

2A3 

IDLE 

NO CHEHISTRY 2.29 

55.3 383 

. 874. 

491 

. 85.2 

0.01036 25. 

2AA 

IDLE 

NO CHEHISTRY 2.24 

58.7 408 

. 1366. 

950 

. 117.9 

0.01459 25. 

2A5 

IDLE 

NO CHEHISTRY 2.28 

55.2 399 

. 940. 

541 

. 85.7 

0.01043 25. 

246 

IDLE 

NO CHEHISTRY 2.28 

55.8 372 

. 868 . 

496 

. 84.9 

0.01035 27. 

247 

IDLE 

NO CHEHISTRY 2.32 

35.1 384 

. 1151. 

767 

. 103.8 

0.01242 26. 

248 

IDLE 

PZ SEOUN RK 

1 2.32 

54.7 380 

. 977. 

597 

. 103.7 

0.01242 26. 

249 

IDLE 

PZ SEOUN RK 

2 2.32 

55.0 383 

. 1042. 

659 

. 103.9 

0.01242 26. 

230 

IDLE 

PZ SEOUN RK 

3 2.32 

55.5 385 

. 1071. 

685 

. 103.9 

0.01246 26. 

231 

IDLE 

PZ SEOUN RK 

4 2.32 

55.7 385 

. 1136. 

751 

. 104.5 

0.01252 26. 

PACE 2 









— DATA 1 

LISTING 

FOR CONCEPT I 

I HOD 3 » NASA PRIHARY ZONE STUDY 

■k a 





DATE tabulated: 26 HAY 82 




ROC 

COND 

FI 

ACO 

DP/P HOT AVG 

SKIN SKIN 

TH/TA PATRN 

T^P TH^O 

RH^O ROp 

227 

IDLE 

1.224 

3.91 

3.56 

72. 0. 

1.124 0 

.197 

12. 21. 

15. *47. 

228 

IDLE 

1.223 

5.91 

3.57 

76. 0. 

1.153 0 

.238 

17. 25. 

13. -54. 

229 

808 

1.139 

5.54 

J.51 

83. 0. 

1.122 0 

.180 

-9. 15. 

26. -32. 

230 

808 

1.143 

5.78 

3.23 

85. 0. 

1.102 0 

.150 

25. 45. 

32.-101. 

231 

808 

1.147 

5.75 

3.29 

89. 0. 

1.050 0 

.075 

14. 37. 

35. -87. 

232 

808 

1.133 

5.73 

3.24 

90. 0. 

1.049 0 

.073 

19. 41. 

34. -94. 

233 

808 

1.144 

5.77 

3.26 

92. 0. 

1.055 0 

.002 

23. 44. 

34.-101. 

234 

808 

1.146 

5.81 

3.22 

94. 0. 

1.053 0 

.078 

22. 48. 

36.-104. 

233 

1008 

1.175 

5.84 

3.35 

99. 0. 

1.122 0 

.198 

21. 43. 

37.-102. 

243 

IDLE 

1.200 

5.99 

3.32 

75. 0. 

1.374 0 

.666 

5. 15. 

16. -35. 

244 

IDLE 

1.126 

5.75 

3.18 

82. 0. 

1.109 0 

.156 

0. 17. 

24. -43. 

245 

IDLE 

1.212 

5.93 

3.46 

84 . 0. 

1.305 0 

.530 

-0. 12. 

16. -28. 

246 

IDLE 

1.176 

5.82 

3.38 

90. 0. 

1.326 0 

.569 

-1. 7. 

12. -18. 

247 

IDLE 

1.224 

5.72 

3.80 

91. 0. 

1.178 0 

.257 

'1. 12. 

20. -31. 

248 

IDLE 

1.230 

5.70 

3.86 

93. 0. 

1.205 0 

.336 

8. 10. 

11. -28. 

249 

IDLE 

1.226 

5.71 

3.82 

95. 0. 

1.184 0 

.291 

12. 14. 

11. -37. 

230 

IDLE 

1.215 

5.68 

3.79 

96. 0. 

1.100 0 

.156 

10. 13. 

10. -34. 

231 

IDLE 

1.212 

5.63 

3.84 

94. 0. 

1.185 0 

.280 

13. 19. 

10. -43. 
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Oi- 


gjALITY 


PACE 3 

DATA LISTING FOR CONCEPT 1 1 NOD 3 — NASA PRIMARY ZONE STUDY 
DATE TABULATEOi 26 NAY B2 


ROC 

AT 

SHORE 

^?S 

CHEN 

F/A 

C02 

X 

CO 

PPM 

CHX 

PPM 

NQX 

PPM 

EFF 

1? 

CHX 

El 

NOX 

El 

227 



0.0050 










228 

EX 

0. 


0.0109 

2.02 

1356. 

360.3 

16. 

92.70 

121.3 

67.8 

2.1 

229 



0.0020 










230 

EX 

0. 


0.0219 

6.66 

26. 

5.9 

162. 

99.88 

1.2 

0.6 

12.0 

231 

PZ 

55. 


0.0323 

6.62 

1076. 

10.1 

191. 

99.15 

33.3 

0.5 

9.7 

232 

PZ 

27. 


0.0251 

5.07 

382. 

5.6 

180. 

99.57 

15.1 

0.3 

11.7 

233 

PZ 

8. 


0.0336 

6.77 

169. 

8.5 

193. 

99.81 

5.0 

0.6 

9.6 

236 

PZ 

29. 


0.0270 

5.62 

711. 

10.1 

159. 

99.30 

26.2 

0.6 

9.6 

235 



O.OC17 










263 



0.0060 










266 













265 













266 



0.0065 










267 













268 

PZ 



0.0222 

6.36 

1390. 

209.6 

32. 

97.19 

62.2 

16.7 

2 .6 

269 

PZ 



0.0256 

5.00 

1320. 

197.6 

36. 

97.67 

51.6 

12.1 

2.3 

250 

PZ 



0.0199 

3.99 

712. 

65.1 

33, 

98.85 

35.5 

3.5 

2.7 

251 

PZ 



0.0272 

5.25 

2012. 

301.0 

36. 

56.68 

73.7 

17.3 

2.2 


ORIGINAL PAGE IS 

OF POOR QUALITY 


PACE 1 

•• DATA LISTING FOR CONCEPT II MOD A ••• NASA PRIMARY lONE STUDY - 






DATE TABULATEDI 

26 

MAY 82 



FLTN 

8 

RDC 

COND 

MEASUREMENT 

HA 

eiP 

BIT 

BOT 

RISC HF 

F/A 

252 

IDLE 

NO 

CHEMISTRY 

2.32 

56.3 

377. 

1022. 

6AA. 86.2 

0.01031 

13. 

253 

IDLE 

NO 

CHEMISTRY 

2.33 

55.9 

AOO. 

1215. 

815. 105.3 

0.01257 

13. 

25A 

IDLE 

EXHAUST 

CHEH 

2.30 

5A.6 

376. 

1126. 

750. 86.7 

0.010A5 

13. 

255 

IDLE 

EXHAUST 

CHEM 


5A.9 

37A. 

1305. 

931. 10A.7 

0.01253 

13. 

256 

IDLE 

PZ 

SEOUN 

RK 1 

2.31 

5A.7 

373. 

1209. 

836. 103.9 

0.01251 

13. 

257 

IDLE 

PZ 

SEQUN 

RK 2 

2.30 

5A.6 

376. 

1211. 

835. 10A.2 

0.01261 

13. 

25f 

IDLE 

PZ 

SEOUN 

RK 3 

2.35 

55.3 

375. 

1197. 

L22. 10A.3 

0.01236 

13. 

259 

IDLE 

PZ 

SEOUN 

RK A 

2.33 

55.2 

37A. 

1198. 

825. lOA.A 

0.012A3 

13. 


PACE 2 

>• DATA LISTING FOR CONCEPT II MOD A •• NASA PRIMARY ZONE STUDY •• 






DATE 

TABULATEOt 

26 MAY 

82 





ROC 

COND 

FI 

ACD 

OP/P 

HOT 

SKIN 

AVC 

SKIN 

TM/TA 

PATRN 

T 

TM^O 

RH^D 

ROpT 

252 

IDLE 

1.19A 

6.02 

3.26 

0. 

0. 

1.3A0 

0.539 

20. 

32. 

19. 

-70. 

253 

IDLE 

1.220 

5. BO 

3.67 

0. 

0. 

1.338 

0.50A 

18. 

31. 

21. 

-72. 

25A 

IDLE 

1.215 

5.85 

3.58 

0. 

0. 

1.263 

0.395 

32. 

39. 

13. 

-83. 

255 

IDLE 

1.220 

5.82 

3.65 

0. 

0. 

1.2AA 

0.3A2 

38. 

A8. 

17. 

-103. 

256 

IDLE 

1.218 

5.81 

3.65 

0. 

0. 

1.169 

0.2AA 

33. 

38. 

13. 

-83. 

257 

IDLE 

1.216 

5.78 

3.66 

0. 

0. 

1.168 

0.2AA 

3A. 

38. 

lA. 

-86. 

258 

IDLE 

1.22A 

5.82 

3.67 

0. 

0. 

1.165 

0.239 

3A. 

39. 

12. 

-8A. 

259 

IDLE 

1.220 

5.81 

3.65 

0. 

0. 

1.181 

0.263 

3A. 

39. 

13. 

-85. 


PACE 3 


— DATA 

LISTING FOR 

CONCEPT 

II HOD 

A — 

NASA PRIMARY 

ZONE STUDY -• 



ROC 

AT 

SMOKE 


DATE 

TABULATED: 

pW 

26 HAY 

m 

82 

EFF 


cg5 

Ng5 

252 

253 
25A 

EX 

0. 

0.0038 

0.0120 

2.A2 

A68. 

68.9 

30. 

98.28 

38.1 

8.8 

A.l 

255 

EX 

0. 


0.0152 

3.06 

AA9. 

7A.5 

AO. 

98.60 

29.0 

7.6 

A. 2 

256 

PZ 

e. 


0.028A 

5.56 

1325. 

22A.6 

63. 

97.75 

A6.5 

12. A 

3.7 

257 

PZ 

69. 


0.037A 

7.08 

3788. 

133. A 

108. 

97.11 

102.0 

5.6 

A. 6 

258 

PZ 

0. 


0.0120 

2. A3 

355. 

39.6 

32. 

98. 8A 

29.0 

5.1 

A. 3 

259 

PZ 

18. 


0.0359 

6.31 

6A13. 

826.8 

51. 

92. A3 

179.9 

36. A 

2. A 
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Or': I 

01^ POOR QUALITY 


FACE 1 

— DATA LISTING FOR CONCEPT II NOO 5 — NASA PRINARY ZONE STUDY -• 

DATE TABULATED: 28 NAY 82 


ROC 

COND 

HEASURENENT 

MA 

BIP 

BIT 

BOT 

RISE 

MF 

F/A 

r I.UW 

1 

267 

IDLE 

NO 

CHENISTRY 

2.31 

55.8 

369. 

lO'G. 

686 . 

86.3 

0.01037 

13. 

268 

IDLE 

EXHAUST 

CHEN 

2.31 

56.1 

362. 

1028. 

665. 

86.0 

0.01036 

13. 

269 

IDLE 

PZ 

SEQUN 

RK 1 

2.31 

56.2 

359, 

950. 

595. 

86.0 

0.01037 

12. 

270 

IDLE 

PZ 

SEQUN 

RK 2 

2u31 

56.2 

350. 

950. 

600. 

86.3 

0.0109C 

12. 

271 

IDLE 

PZ 

SEQUN 

RK 3 

2,30 

56.1 

39 V. 

955. 

606. 

66.1 

0.01039 

12. 

272 

IDLE 

PZ 

SEQUN 

RK 9 

2.30 

56.3 

395. 

995. 

600. 

86.2 

0.01090 

12. 

273 

IDLE 

NO 

CHENISTRY 

2.31 

59.6 

369. 

1200. 

836. 

109.1 

0.01250 

12. 

279 

IDLE 

EXHAUST 

CHEN 

2.32 

55.5 

361. 

1176. 

815. 

109.2 

0.01250 

12. 

275 

IDLE 

PZ 

SEQUN 

RK 1 

2.32 

56.0 

353. 

1070. 

718. 

109.2 

0.01298 

12. 

276 

IDLE 

PZ 

SEQUN 

RK 2 

2.33 

56.1 

396. 

lOV). 

702. 

109.0 

0.01239 

12. 

277 

IDLE 

PZ 

SEQUN 

RK 3 

2.35 

55.2 

399. 

1098. 

709. 

105.2 

0.01293 

12. 

278 

IDLE 

PZ 

SEQUN 

RK 9 

2.33 

55.0 

392. 

1053. 

711. 

105.5 

0.01258 

12. 


PACE 2 

— DATA LISTING FOR CO»XEPT 1 1 POD 5 — NASA PRINARY ZONE STUDY — 

DATE tabulated: 28 NAT 82 


ROC 

COND 

FI 

ACD 

OP/P 

SKI 

a 

AVG 

SKIN 

TN/TA 

PATRN 

TIP 

F 

TN^D 

RNIO 

F 

ROp 

267 

IDLE 

1.190 

5.68 

3.69 


0. 

0. 

1.290 

0.366 

5. 

16. 

19. 

•36 

268 

IDLE 

1.178 

5.68 

3.56 


0. 

0. 

1.137 

0.212 

15. 

20. 

6. 

-93 

269 

IDLE 

1.172 

5.71 

3.99 


0. 

0. 

1.195 

0.231 

12. 

16. 

6. 

-35 

270 

IDLE 

1.169 

5.69 

3.99 


0. 

0. 

1.150 

0.238 

12. 

16. 

7. 

-33 

271 

IDLE 

1.166 

5.70 

3.97 


0. 

0. 

1.170 

0.269 

19. 

16. 

5. 

-35 

272 

IDLE 

1.161 

5.69 

3.99 


0. 

0. 

1.152 

0.290 

16. 

18. 

3. 

-37 

273 

IDLE 

1.217 

5.61 

3.91 


0. 

0. 

1.292 

0.396 

8. 

21. 

17. 

-97 

279 

IDLE 

1.196 

5.62 

3.76 


0. 

0. 

1.200 

0.289 

22. 

29. 

8. 

-59 

275 

IDLE 

1.182 

5.62 

3.67 


0. 

0. 

1.092 

0.137 

18. 

21. 

5. 

-99 

276 

IDLE 

1.181 

5.63 

3.69 


0. 

0. 

1.082 

0.123 

18. 

22. 

6. 

-97 

277 

IDLE 

1.207 

5.69 

3.80 


0. 

0. 

1.128 

0.190 

19. 

20. 

7. 

-97 

278 

IDLE 

1.200 

5.62 

3.78 


0. 

0, 

1.110 

0.162 

20. 

29. 

6. 

-50 


75 


ORIGINAL PAGE 19 
OF POOR QUALITY 


^ACE 3 


— DATA 

LISTING FOR 

CONCEPT 

11 MOD 

5 — NASA r>RlMARY 

ZONE STUDY 

» 





CATE 

TASULATEDt 28 NAT 

02 






RDC AT 

SHORE ^80 

CHEH 

F/A 

CJJ 

pH 

NOX 

PPM 

EFF 


CNX 

Et 

NOX 

El 

1 

i 

247 

0*0060 









\ 

] 

268 EX 

0. 

0.0105 

2.07 

558. 129.8 

18. 

97.00 

52.2 

19.1 

2.7 


268 H 

0. 

0.0138 

2.69 

966. 211.8 

22. 

96.22 

67.3 

23.7 

2.6 

i 

270 82 

0. 

0.0190 

3.76 

895. 182.9 

39. 

97.52 

66.5 

16.9 

3.3 

4 

j 

271 PZ 

0. 

0.0102 

2.03 

626. 87.5 

18. 

97.81 

60.9 

13.2 

2.8 

1 

1 

272 P2 

0. 

0.0106 

2.08 

666. 161.1 

15. 

96.39 

61.6 

23.3 

2.2 

J 

273 










j 

276 EX 

0. 

0.0126 

2.56 

612. 50.6 

26. 

98.67 

32.2 

6.2 

3.1 


275 P2 

3. 

0.0232 

6.57 

1389. 90.9 

36. 

98.06 

59.6 

6.1 

2.5 

j 

276 P2 

22. 

0*0380 

7.50 

2708. 80.9 

79. 

90.07 

70.6 

3.3 

3.6 


277 P2 

0. 

0.0131 

2.66 

331. 36.6 

25. 

99.02 

26.7 

6.3 

3.1 

= 

278 PZ 

0. 

0.0180 

3.55 

1123. 98.6 

22. 

97.78 

61.7 

8.5 

2.0 



' 

I 

' 

i 

i 

U 

] 

J 


ORiGINAL PAGE fS 
OF POOR QUALITY 


l JUNE t2 -- TAIULATION OF DATA FROM PltlNARY 20NE PROBES -- CONCEPT II 


ROC 

CONO 

concept noo 

RAKE 


. r/r 

— AVER 

ACE RA 



• • •• 1 

SNOKE 

124 

IDLE 

n 

8ASLNE 

1 

11.29 

0.0139 

98.93 

2.79 

9A7. 

29. 

6. 

127 

IDLE 

11 

8ASLNE 

2 

22.90 

0.0201 

97.87 

3.98 

903. 

30. 

10. 

12« 

1M.E 

11 

BASLNE 

3 

19.90 

0.0129 

99.93 

2.91 

9A2. 

6. 

0. 

lAO 

•M 

11 

•ASLNE 

1 

11.29 

0.03A9 

99.73 

6.91 

339. 

189. 

3A. 

lAl 

MS 

11 

OASLNE 

2 

22.90 

0.0A629969AA* 

8.79 

3927. 

AAAAA* 

61. 

1A2 

80S 

11 

BASLNE 

2 

22.90 

0.03A3 

99.20 

6.80 

1070. 

210. 

66. 

1A3 

80S 

11 

BASLNE 

3 

19.90 

0.0266 

99.62 

9.36 

399. 

137. 

0. 

lAA 

80S 

11 

BASLNE 

3 

19.90 

0.02AA 

99.90 

A. 96 

90. 

116. 


1B3 

80S 

11 

1 

1 

11.29 

0.0372 

99.79 

7.A6 

272. 

190. 

7. 

UA 

80S 

11 

1 

2 

22.90 

0.0270 

99. A9 

9. A3 

9A2. 

17A. 

16. 

189 

80S 

II 

1 

3 

19.90 

0.0322 

99.70 

6.A7 

391. 

202. 

21. 

210 

80S 

11 

2 

1 

11.29 

0.0282 

99. 7A 

9.70 

269. 

1A7. 

27. 

211 

80S 

11 

2 

2 

22.90 

0.0371 

99.13 

7.33 

1313. 

218. 

33. 

212 

80S 

II 

2 

3 

19.90 

0.0280 

99.71 

9.66 

282. 

182. 

29. 

231 

MS 

It 

3 

1 

11.29 

0.0323 

99.19 

6.A2 

107A. 

191. 

99. 

232 

80S 

11 

3 

2 

22.90 

0.0291 

99.97 

9,07 

382. 

180. 

27. 

233 

80S 

11 


3 

19.90 

0.0336 

99.81 

6.77 

169. 

193. 

8. 

23A 

80S 

11 

3 

A 

7.90 

0.0270 

99.30 

9.A2 

711. 

199. 

29. 

2AB 

IDLE 

11 

3 

1 

11.29 

0.0222 

97.19 

*.3A 

1390. 

32. 


2A9 

lOLE 

11 

3 

2 

22.90 

0.029A 

97.67 

9.00 

1320. 

36. 


290 

lOCE 

11 

3 

3 

19.90 

0.0199 

98.89 

3.99 

712. 

33. 


291 

IDLE 

II 

3 

A 

7.90 

0.0272 

96.68 

9.29 

2012. 

36. 


296 

lOLE 

II 

A 

1 

11.29 

0.028A 

97.79 

9.96 

1329. 

63. 

8. 

297 

lOLE 

11 

A 

2 

A9.00 

0.037A 

97.11 

7.08 

3780. 

108. 

69. 

298 

IDLE 

II 

A 

3 

38.00 

0.0120 

98 *8 A 

2. A3 

399. 

32. 

0. 

299 

IDLE 

II 

A 

A 

7.90 

0.0399 

92. A3 

6.31 

6A13. 

91. 

18. 

269 

IDLE 

II 

9 

1 

11.29 

0.0138 

96.22 

2.69 

9AA. 

22. 

0. 

270 

IDLE 

II 

9 

2 

A9.00 

0.C190 

97.92 

3.76 

899. 

39. 

0. 

271 

IDLE 

11 

9 

3 

38.00 

0.0102 

97.81 

2.03 

A2«. 

18. 

0. 

272 

IDLE 

11 

9 

A 

7.90 

0.0106 

96.39 

2.08 

666. 

19. 

0. 

279 

IDLE 

11 

9 

1 

11.29 

0.0232 

98.06 

A. 97 

1389. 

36. 

3. 

276 

IDLE 

11 

9 

2 

A9.00 

0.0388 

98.07 

7.90 

2708. 

79. 

22. 

277 

IDLE 

11 

9 

3 

38.00 

0.0131 

99.02 

2.66 

331. 

29. 

0. 

278 

IDLE 

II 

9 

A 

7.90 

0.0180 

97.78 

3.99 

1129. 

22. 

0. 


ORIGINAL 

OF POOR QUALITY 


I^ACE 2 

1 JUNE t2 — lAtULATlON OF DATA FROM PRIMARY 

ROC CONO CONCEPT MOD RAKE PORT M^h 'fTa 
12* IDLE 11 lASLNE 1 


ZONE PROBES •- CONCEPT II 

RT YALUES--- 
CO NOX 


-lNO^J^OUAt^|5 


PPM 


127 IBCE II BASLNE 2 

•PORTS CONNECTED BACRMAROS 

128 IDLE 11 BASLNE 3 


lAO SOI II BASLNE 1 

•SOME PORTS PLUCCED 

lAl BOR 11 BASLNE 2 

•PORTS BACKMAROS C PLUCCED 

1A2 BOB II BASLNE 2 

•PORTS BACKWARDS C PLUCCED 

143 BOB II BASLNE 3 


144 BOB 


1*3 BOB 


1B<. BOB 


IBS BOB 


210 BOB 


211 SOB 


212 BOB 


II BASLNE 


II 


II 


11 


II 


II 


II 


5.12 


urn 

0.0173 


i 

3 

0.0121 

98.50 

1 

0.0180 

98.69 


8:8ilt 

98.44 

97.31 

1 

0.0161 

97.36 

3 

0.0110 

92.07 

96.79 

U:lt 

2 

mil 

1 


.43 


0.0331 

urn 

S.44 0.03S1 

343 


6.07 0.034? 

0.0337 


*.07 0.0319 

5.75 

5.44 
5.12 


99.59 

ll:ll 

99.78 

99.17 

97. B7 
96.84 

99.35 

99.39 

98. B4 
99.32 

98 c 99 


6. *3 
7.05 


030^ 

l;ii il:ll 


m i: 

5.12 0.0181 

pi 

5.44 0.0423 

5.12 0.0329 


*.07 0.0085 

t;« 8:8I« 

5.12 0.0361 


i.Ol 0.0346 
>.75 0.0336 

8:8lli 

yill 

i.l2 0.0342 


99.88 

tut 

99.75 

99.75 

99.00 


99.86 



99.48 

99.90 

llllo 


269. 


14' 


8.43 

6.61 

1.72 


6.91 

6.76 


6.86 

Ut 

9.31 

6.79 

6.23 

5.49 

VM 


56. 


355. 

ni: 

534. 

589. 


55. 


185. 


93. 


178 


OR'Gj^^'lL PAGE fS 

OF POOR QUALITY 


PACE 2 CONTINUED 

1 JUNE «2 >• TABULATION OF DATA FROM PRIMARY 20NE PROBES CONCEPT 


ROC CONb CONCEPT MOO RAKE PORT 




N F/A 


2B1 BOR 


232 BOS 


233 BOR 


23A BOR 


2A8 IDLE 


2AR IDLE 


2SO IDLE 


251 IDLE 


256 IDLE 


257 IDLE 


258 IDLE 


259 IDLE 


269 IDLE 


270 IDLE 


1 


lir^-cE 

JRT 

R R 

PPM 



0,0075 

i:m 

0*0372 

tm 

0.0239 

0.0237 

0.0302 

0.0256 


0.0267 


i;i2 


5.12 


98.98 

lili 

7.39 

99.12 

'*9.39 

99.67 

99.76 

2.05 

5.39 

|L 1 > 

D B 1 3 

6.76 

99.80 

mi 

6.89 

m 

97.29 

99.79 

1.97 

Ul 

7.96 

97.96 

98.10 

lAl 

9.68 

9.69 

99.10 

98.97 

97.27 

99.61 

6.09 

l:H 

9. 09 

99.11 

li:?! 

9.21 

::|i 

3.29 

99.85 

mi 

97.90 

9.99 

t:ii 

9.65 

98.13 

95.30 

|:ll 

!;n 


0.0529 

0.0392 

t:UM 


99.98 

97.89 

90.79 

98.16 



97.13 


9 

:..2 



360. 


oc * • 
1580. 
2092. 


307; 


9703. 

3096. 

'Vii: 


209. 


1188. 

901. 

693. 


179 



CRlGi^5AL PAGE IS 
OF POOR QUALITY 


MCE 2 CONTINUED 

1 JUNE S2 TAIULATION OF DATA FROM PRIMARY ZONE PROSES •> CONCEPT II 



3 5.AA 0.0236 97.76 A.6A 1^50. 31. 

1 5.12 0.02^6 97. BB 9.82 1606. 33. 


) 


180 



OK POOR QUALITY 

PACE 1 

— DATA LISTING FOR CONCEPT III BASELINE — NASA PRINARY ZONE STUDY 




DATE tabulated 

S 9 1 

FEB 82 




FLOW 

RDC 

CQND 

neasurehent 

MA 

BIP 

BIT 

BOT 

RISE 

MF 

F/A 

0 

IIS 

lOOS 

NO CHEN IS TRY 

5.03 

148.6 

747. 

2005. 

1258. 

355.3 

0.01960 

19. 

119 

lOOR 

NO CHEMISTRY 

5.03 

147.6 

751. 

201B. 

1267. 

355.0 

0.01959 

19. 

149 

IDLE 

NO CHEMISTRY 

2.25 

54.0 

359. 

1033. 

673. 

82.8 

0.01021 

20. 

190 

IDLE 

EXHAUST CHEN 

2.25 

*3.8 

355. 

1059. 

704. 

82.6 

0.01019 

20. 

ISl 

IDLE 

EXHAUST CHEN 

2.24 

53.8 

358. 

1071. 

713. 

83.4 

0.01035 

20. 

152 

50S 

NO CHEMISTRY 

3.72 

100.3 

544. 

1590. 

1046. 

208.5 

0.01557 

18. 

153 

50R 

EXHAUST CHEM 

3.72 

100.6 

540. 

1593. 

1054. 

208.5 

0.01557 

18. 

154 

BOR 

NO CHEMISTRY 

4.61 

131.2 

624. 

1896. 

1273. 

323.7 

0.01949 

18. 

155 

BOR 

NO CHEMISTRY 

4.62 

130.6 

612. 

1892. 

1280. 

322.6 

0.01938 

18. 

156 

BOR 

EXM.#'JST CHEM 

4.62 

131.0 

610. 

1967. 

1357. 

323.5 

0.01946 

18. 

157 

BOR 

PZ SEOUN RK 1 

4.62 

13C.8 

609. 

1988. 

1379. 

322.9 

0.01941 

17. 

158 

BOR 

PZ SEOUN RK 2 

4.64 

131.4 

607. 

2016. 

1409. 

322.7 

0.01930 

17. 

159 

BOR 

PZ SEOUN RK 3 

4.63 

129.3 

604. 

1997. 

1393. 

323.2 

0.01941 

17. 


PACE 7 

•• DATA LISTING FOR CONCEPT HI BASELINE » NASA PRINARY ZONE STUDY > 






DATE 

TABULATED: 

9 FEB 1 

52 




ROC 

COND 

FI 

ACD 

OP/P 

HOT 

SKIN 

AVG 

SKIN 

TM/TA 

PATRN 

TIP 

F 

TMID 

F 

RMID ROtJT 
F F 

118 

lOOR 

1.177 

5.46 

3.85 

1337. 

i054. 

1.126 

0.200 

7. 

30. 

19. -56. 

119 

lOOR 

1.188 

5.46 

3.93 

1377. 

1079. 

1.119 

0.189 

3. 

29. 

21. -51. 

149 

IDLE 

1.195 

5.41 

4.04 

930. 

585. 

1 .130 

0.200 

9. 

19. 

9. -38. 

150 

IDLE 

1.193 

5.43 

4.00 

906. 

581. 

1 .109 

0.164 

14. 

21. 

6. -43. 

151 

IDLE 

1.190 

5.41 

4.01 

913. 

5B4. 

1.100 

0.150 

17. 

24. 

10. -51. 

152 

5 OR 

1.175 

5.69 

3.53 

1274. 

807, 

1.138 

0.210 

6. 

27. 

18. -51. 

153 

5 OR 

1.169 

5.67 

3.52 

1279. 

811. 

1.114 

0.172 

12. 

-31. 

37. -17. 

154 

BOR 

1.157 

5.76 

3.35 

1583. 

968. 

1.144 

0.215 

•0. 

34. 

27. -59. 

155 

BOR 

1.159 

5.75 

3.3 V 

1547. 

953. 

1.148 

0.218 

-2. 

33. 

27. -60. 

156 

BOR 

1.153 

5.73 

3.36 

1471. 

928. 

1.103 

0.150 

1. 

34. 

26. -59. 

157 

BOR 

1.154 

5.73 

3.37 

1435. 

906. 

1.079 

0.114 

'2. 

41. 

27, -64. 

158 

BOR 

1.154 

5.77 

3. .2 

1512> 

932. 

1.051 

C.073 

5. 

40. 

25. -71. 

159 

BOR 

1.167 

5.72 

3,45 

1559. 

915. 

1 .085 

0.122 

11. 

47. 

23. -91. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


PkCt 3 

» OAfA LISTING FOR CONCEPT III BASELINE NASA PRINART ZONE STUDY •> 

DATE TABULATED: 9 FEB 82 


ROC 

AT 

SMOKE 


CHEN 

F/A 

C§2 

CO 

PPM 

CHX 

PPM 

NQX 

PPM 

EFF 

it 

CHX 

El 

NOX 

El 

118 













119 













199 



0.0030 










ISO 

EX 



0.0113 

2.28 

379. 

29.3 

27. 

98.85 

32.9 

9.0 

3.9 

ISl 

EX 



0.0119 

2.32 

368. 

15.5 

20. 

99.07 

31.5 

2.1 

2.8 

152 



0.0018 










153 

EX 



0.0171 

3.50 

89. 

1.9 

77. 

99.89 

9.8 

0.1 

7.3 

159 



0.0029 










155 













156 

EX 

6. 


0.0229 

9.66 

93. 

0.7 

135. 

99.91 

1.9 

0.0 

9.6 

157 

PZ 

68. 


0.0283 

5.72 

271. 

1.6 

171. 

99.73 

9.5 

0.1 

9.9 

156 

PZ 

S7. 


0.0595 

7.36 

6639. 

8573.9 

92. 

72.81 

126.5256.7 

2.9 

159 

PZ 

92. 


0.0170 

3.97 

130. 

99.9 

72. 

99.92 

7.5 

9.0 

6 6 8 
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ORIG!". 
OF PC 


- • nft/^cr le 

|%J- 


OR QUALiTY 


mE 1 

— DAT* LISTING FOR CONCEPT III NOD 1 >> NASA PRINART ZONE STUDY — 

DATE TASULATEO: 22 FEB 62 


RDG 

COND 

NEASURENENT 

HA 

BIP 

BIT 

BOT 

RISE MF 

F/A 


1*0 

BOX 

NO 

CHENISTRY 

4. *2 

130.7 

*15. 

1945. 

1330. 324.2 

0.01949 

19. 

1*1 

BOX 

EXHAUST 

CNEM 

4. *3 

132.6 

*11. 

197B. 

1367. 3<2.7 

0.01937 

16. 

1*2 

BOX 

PZ 

SEQUN 

RK 1 

4. SB 

131.3 

*03. 

191B. 

1315. 323.9 

0.019*5 

16. 

1*3 

BOX 

PZ 

SEQUN 

RK 2 

4.59 

129.6 

*03. 

1934. 

1331. 324.2 

0.01962 

16. 

1*4 

BOX 

PZ 

SEOUN 

RK 3 

4.59 

130.2 

*02. 

1903. 

1301. 323.0 

0.01955 

16. 


PACE 2 

— DATA LISYWC for concept III NOD 1 — NASA PRINARY ZONE STUDY -- 






DATE 

tabulated: 

22 FEB 

B2 




RDG 

COND 

FI 

ACD 

OP/P 

sK9i 

sftlfS 

TN/TA 

PATRN T^P 

TM^D 

RMJO 

ROpT 

1*0 

BOX 

1.159 

5.62 

3.53 

1219. 

921. 

1.143 

0.209 -13. 

35. 

31. 

-52. 

1*1 

BOX 

1.140 

5.61 

3.42 

1219. 

913. 

1.132 

0.191 -25. 

32. 

37. 

-45. 

162 

BOX 

1.137 

5.60 

3.42 

1219. 

913. 

1.0*5 

0.094 -3*. 

30. 

43. 

-38. 

1*3 

SOX 

1.153 

5.64 

3.4* 

1225. 

917. 

1.070 

0.102 -2*. 

31. 

37. 

-43. 

1*4 

SOX 

1.148 

5.64 

3.44 

1220. 

913. 

1.05* 

0.062 -63. 

27. 

57. 

-22. 


PAGE 3 

DATA LISTING FOR CONCEPT III HuO 1 NASA PRINART ZONE STUDY » 
DATE tabulated: 22 FEB 9 ^ 


RDC 

AT 

SNOKE 



C|2 

P^^ 



EFF 


CHX 

Ti 

1*0 


0. 











1*1 

EX 



0.9234 

4.77 

7*. 

5.2 

il4. 

99.65 

3.2 

0.3 

7.9 

1*2 

PZ 

62. 


0.0456 

7.69 

7693. 

1325.5 

117. 

91.57 

175.6 

46.3 

4.3 

1*3 

PZ 

29. 


0.03B6 

7. *7 

10*4. 

39.6 

15*. 

99.16 

27.6 

1.6 

6.6 

1*4 

PZ 

95. 


0.0493 

B.49 

696*. 

1147.0 

130. 

92.17 

1B6.5 

37.4 

4.4 


original pa® ra 

OF POOR QUALITY 


^ACE 1 

— DATA LISTING FOR CONCEPT 111 NOD I — NASA PR INARY ZONE STUDY — 


ROC 

CONO 

OATE TASULATEO) 
NEASURENENT MA RIP 

1 9 
BIT 

AUG B2 
BOT 

RISE NF 

F/A 

FLON 

1 

220 

DOR 

NO 

CHEHISTRY 

A. 59 

130.9 

621. 

1B95. 

1275. 323.3 

0.01958 

17. 

221 

•OR 

EXHAUST CHEN 

A. 99 

131. A 

625. 

192A. 

1299. 323.2 

0.01957 

16. 

222 

•OR 

PZ 

SEQUN RK 1 

A. 57 

130.0 

610. 

1950. 

13A0. 323. A 

0.01965 

16. 

223 

• OR 

PZ 

SE«UN RK 2 

A.98 

131.3 

610- 

1952. 

13A2. 323.2 

0.01959 

16. 

22A 

• CR 

PZ 

SEQUN RK 3 

A. 98 

131.6 

610. 

19A1. 

1331. 322.8 

0.01958 

16. 

229 

• OR 

PZ 

SEQUN RK A 

A. 60 

129*1 

609. 

19A0. 

1332. 323.0 

0.01952 

16. 

226 

lOOR 

NO 

CHEMISTRY 

A. 97 

1A7.1 

753. 

2023. 

1270. 352.1 

0.01969 

16. 


PACE 2 


•- 1 

DATA LISTING 

FOR CONCEPT 

III HOD 2 • 

• NASA 1 

PRIMARY ZONE 

STUDY 

-- 






OATE 

TABULA 


9 AUG 82 




RBG 

COND 

FI 

ACD 

OP/P 

$."?• 

'f: 

TM/TA 

PATRN T^P 

TM^O 

RM^D 

RO^T 

220 

80R 

1.155 

5.23 

A.OA 

1A67 


1.30A 

0.A52 -A3. 

AO. 

66. 

-62. 

221 

80R 

1.150 

5.20 

A. 06 

1A90. 


1.218 

0.323 -AO. 

39. 

67. 

-65 . 

222 

• OR 

1.1A3 

9.15 

A. 09 

1A76. 

105f . 

1.197 

0.287 -19. 

55. 

52. 

-88. 

223 

• OR 

1.1A2 

5.16 

A. 06 

1A78. 

1057. 

1.201 

0.292 -12. 

6C. 

50. 

-99. 

22A 

BOR 

1.138 

5.16 

A. 03 

1A82. 

1058. 

1.186 

0.271 -18. 

56. 

52. 

-90. 

225 

BOR 

1.163 

5.15 

A.2A 

1A71. 

1053. 

1.183 

0.266 -17. 

61. 

52. 

-95. 

226 

lOOR 

1*176 

5.29 

A. 11 

1660. 

1228. 

1.1A7 

0.23A -56. 

39. 

73. 

-55. 


PACE 3 












— DATA 

LISTING FOR 

CONCEPT 

111 HOD 

2 — 

NASA PRIMARY 

ZONE 

STUDY - 

— 





OATE 

tabulated: 

9 AUG 82 





ROC AT 

SHOKE 

KS 

CNEM 

F/A 

C|^2 

CO 

PPM 

CHX 

PPM 

NOX 

PPM 

EFF 

It 

CHX 

El 

NOX 

El 

220 












221 EX 

5. 

0.0020 

0.0233 

A.7A 

Al. 

0.8 

126. 

99.91 

1.7 

0.1 

8.8 

222 PZ 

20. 


0.0383 

7.61 

815. 

1A.6 

173. 

99. A2 

21. A 

0.6 

7. A 

223 PZ 

33. 


0.0307 

6.18 

A26. 

2.8 

161. 

99,63 

13.9 

0.1 

8.6 

22A PZ 

39. 


0.03A7 

6.82 

1727. 

18.1 

153. 

98.75 

A9.9 

0.8 

7.3 

225 PZ 

6. 


0.0320 

6.A5 

L'9. 

1.6 

156. 

99.89 

2.8 

U.l 

8.0 

226 


0.0015 











184 


ORIGINAL PAGE IS 
OF POOR QUALITY 

PACE 1 

— DATA LISTING FOR CONCEPT 111 HOD 3 >• NASA PRIMARY ZONE STUDY — 

DATE tabulated: 26 HAY 82 


ROC 

COND 

MEASUREMENT 

HA 

BIP 

BIT 

BOT 

RISE HF 

F/A 

FLOW 

f 

260 

BOR 

NO 

CHEMISTRY 

4.55 

130.4 

612. 

1915. 

1303. 322.4 

0.01966 

17. 

261 

801 

EXHAUST 

CHEM 

4.57 

131.2 

610. 

1923. 

1313. 322.6 

0.01962 

17. 

262 

BOR 

PZ 

SEOUN 

RK 1 

4.61 

132.7 

602. 

1950. 

1348. 323.5 

0.01949 

17. 

263 

BOR 

PZ 

SC a UN 

RK 2 

4.61 

128.5 

598. 

1936. 

1337. 323.2 

0.01947 

17. 

264 

BOR 

PZ 

SEOUN 

RK 3 

4.62 

126.7 

597. 

1915. 

1318. 323.6 

0.01947 

17. 

263 

BOR 

PZ 

SEOUN 

RK 4 

4.57 

126.2 

597. 

1967. 

1370. 323.6 

0.01969 

17. 

266 

TOOR 

NO 

CHEMISTRY 

5.03 

146.9 

755. 

2017. 

1263. 352.9 

0.01'i9 

17. 


PACE 2 


9M* 

DATA 1 

LISTING 

FOR CONCEPT 
DATE 

111 MOD 3 — 
TABULATED: 

NASA PRIMARY 
26 MAY 82 

ZONE 

STUDY 


ROC 

COND 

FI 

ACD 

OP/P 

tCT 

SKIN 

AVC 

SKIN 

TM/TA 

PATRN 

TIP 

F 

TMIO 

F 

RMID ROOT 
F F 

260 

BOR 

1.142 

5.58 

3.48 

1080. 

924. 

1.162 

0.238 

12. 

45. 

37, -94. 

261 

BOR 

1.139 

5.53 

3.51 

1066. 

915. 

1.080 

0.118 

15. 

48. 

32. -97. 

262 

BOR 

1 .133 

5.54 

3.46 

1098. 

940. 

1.071 

0.103 

44. 

63. 

18.-125. 

263 

8 OR 

1.167 

5.50 

3.74 

1076. 

923. 

1.067 

0.096 

43. 

62. 

17.-124. 

264 

BOR 

1.167 

5.50 

3,74 

1095. 

923. 

1.078 

0.113 

38. 

59. 

20.-117. 

265 

BOR 

1.157 

5.49 

3,69 

1115. 

926. 

1.049 

0.070 

48. 

64. 

20.-133. 

266 

lOOR 

1.193 

5.65 

3.69 

1382. 1099. 

1.132 

0.212 

1. 

51. 

46. -97. 


PACE 3 












— DATA 

LISTING FOR 

CONCEPT 

III HOD 

3 — 

NASA 1 

PRIMARY 

ZONE : 

STUDY — 





DATE 

tabl’lateo: 

26 NAY 

82 





ROC AT 

SMOKE 


CHEM 

F/A 

C^2 

P^M° 

PPM 

NQX 

PPM 

eff 

i? 

^E1 

N^X 

260 


0.0015 










261 EX 

7. 


0.0211 

4.33 

67. 

8.1 

125. 

99.83 

3.2 

0.6 

9.6 

262 PZ 

61. 


0.0296 

6.00 

270. 

21.2 

164. 

99,65 

9.1 

1.1 

9.1 

263 PZ 

74. 


0.0422 

T.97 

274. 

1620.4 

197. 

94.08 

6 .6 

61.3 

7.8 

264 PZ 

44. 


0.0215 

4.39 

203. 

9.8 

116. 

99.68 

9,4 

0.7 

8.8 

265 PZ 

266 

74. 

0.0012 

0.0485 

9.63 

331. 

145.8 

153. 

99,37 

7.0 

4.8 

5.3 


■t Q C 


OR!G!NAL PAGrr S3 

OF POOR QUALITY 


PACL 1 

DATA LISTING FOR CONCEPT III HOO 4 NASA PRINARY IQNE STUDY — 
DATE tabulated: 26 HAY 82 


RDC 

COND 

HEASURENEHT 

WA 

8IP 

BIT 

BOT 

RISE 

MF 

F/A 

8 

279 

SOS 

NO 

CHENISTRY 

4.98 

131.3 

616. 

1912. 

1296. 

323.1 

0.01961 

17. 

280 

SOS 

EINAUST CHEN 

4.98 

131.3 

608. 

1962. 

1394. 

323.9 

0.01964 

17. 

281 

80S 

PZ 

SEOUN RK 1 

4.57 

131.3 

609. 

1941. 

1332. 

322.7 

0.01960 

17. 

282 

BOS 

PZ 

SEQUN RK 2 

4.63 

130.4 

609. 

1958. 

1393. 

322.1 

0.01933 

29. 

283 

80S 

PZ 

SEOUN RK 3 

4.61 

131.9 

605. 

1942. 

1337. 

322.2 

0.01940 

39. 

284 

80S 

PZ 

SEQUN RK 4 

4.98 

131.1 

607. 

1942. 

1339. 

323.2 

0.01960 

32. 

289 

lOOS 

NO 

CHENISTRY 

4.97 

147.6 

752. 

2041. 

1288. 

352.0 

0.01966 

0. 


PACE 2 


— 1 

DATA 1 

LISTING 

FOR CONCEPT 

111 NOO 4 -- 

NASA PRIMARY 

ZONE 

STUDY 

m m 






date 

TABULATED: 

26 NAY 

82 





ROG 

COND 

FI 

ACD 

OP/P 

NOT 

SKIN 

AVG 

SKIN 

tn/ta 

PATRN 


TN^O 

RN^C 

ROpT 

279 

SOS 

1.143 

9.64 

3.41 

1136. 

964. 

1.162 

0.299 

-19. 

43. 

44. 

-69. 

280 

SOS 

1.140 

5.63 

3.39 

1164. 

952. 

1.102 

0.147 

-5. 

46. 

42. 

-83. 

281 

SOS 

1.138 

5.62 

3.40 

1290. 

972. 

1.073 

0.106 

-15. 

45. 

47. 

-77. 

282 

SOS 

1.159 

5.70 

3.43 

1249. 1002. 

1.121 

0.179 

-23. 

48. 

53. 

-76. 

283 

SOS 

1.142 

5.68 

3.36 

1260. 

947. 

1 .088 

0.127 

-20. 

53. 

53. 

-86. 

284 

SOS 

1.142 

5.70 

3.33 

1247. 

973. 

1.046 

0.067 

-31. 

43. 

96. 

-70. 

289 

lOflS 

1.173 

5.89 

3.29 

1301. 1121. 

1.147 

0.233 

-11. 

91. 

50. 

-90. 


PAGE 3 












— DATA 

LISTING FOR 

CONCEPT 

III NOO 

1 4 -- 

NASA PRIMARY 

ZONE 

STUDY — 





CATE 

TABULATED: 

26 MAY 

82 





RC 'T 

SHOKE 

LBO 

F/A 

CHEN 

F/A 

Cg2 

CO 

PPM 

CNX 

PPM 

NQX 

PPM 

EFF 

iT 

CNX 

El 

NOX 

El 

279 


0.0015 










280 EX 

36. 


0.0220 

4.43 

160. 

10.9 

109. 

99.73 

7.2 

0.8 

8.1 

281 PZ 

100. 


0.L347 

6.61 

3119. 

201.2 

136. 

97.04 

90.3 

9.2 

6.5 

282 PZ 

05. 


0.0><85 

7.40 

8525. 

4331.0 

98. 

82.24 

180.6144.2 

3.4 

283 p: 

00. 


0.0290 

9.69 

1765. 

65.7 

81. 

98.26 

60.7 

3.6 

4.6 

284 PZ 

289 

93. 

0.0014 

0.0406 

8.04 

957. 

21.2 

110. 

99.36 

23.8 

0.8 

4.9 


186 



OF POOR QUALITY 


^AGE 1 

>- DATA LISTING FOR CONCEPT 111 HOD 9 •• NASA PRINARV ZONE STUDY -> 

DATE TABULATED* lA JULY 82 


R»6 

COND 

HEASUR'^HENT 

MA 

8IP 

8IT 

BOT 

RISE 

MF 

F/A 

0 

29A 

m m m ^ 

NO 

CNEH15TRY 

A.3C 

116.7 

A89. 

993. 

90A. 

110.6 

0.00715 

20. 

299 

IDLE 

NO 

CHEHISTRY 

2.29 

9A.9 

289. 

1031. 

7A7. 

85.9 

O.OIOAI 

21. 

298 

IDLE 

EXHAUST CHEH 

2.28 

99.1 

286. 

1079. 

793. 

85.7 

O.OIOAA 

21. 

297 

IDLE 

PZ 

SEQUN RK 1 

2.28 

99.2 

28A. 

1009. 

721. 

85.7 

0.010A2 

21. 

298 

IDLE 

PZ 

SEOUN RK 2 

2.29 

99. A 

288. 

998. 

710. 

85.7 

0.010A2 

21. 

299 

IDLE 

PZ 

SEOUN RK 3 

2.29 

99.6 

286. 

985. 

699. 

89.9 

O.OIOAA 

21. 

300 

IDLE 

PZ 

SEOUN RK A 

2.30 

99.6 

283. 

989. 

706. 

89.8 

0.01037 

21. 


PACE 2 


1 

DATA 

LISTING 

FOR CONCEPT 
DATE 

III HOD 5 — 

tabulated: 

NASA PRIHARY 
lA JULY 82 

ZONE 

STUDY 


ROG 

CONO 

FI 

ACO 

OP/P 

HOT 

SKIN 

AVC 

SKIN 

TH/TA 

PATRN 

TIP 

F 

TMIO 

F 

RHIO ROOT 
F F 

29A 

« » » * 

1.13A 

9.88 

3.09 

1888. 

783. 

1.179 

0.353 

2. 

2A. 

-7. -21. 

295 

IDLE 

1.139 

9.58 

3.A6 

831. 

525. 

1.233 

0.322 

•5. 

lA. 

2. “9. 

296 

IDLE 

1.130 

5.57 

3.A1 

6A6. 

902. 

1.112 

0.153 

-9. 

11. 

2. -A. 

2L7 

IDLE 

1.129 

5.57 

3.A1 

6A8. 

500. 

1.139 

0.19A 

0. 

18. 

0. >18. 

298 

IDLE 

1.128 

5.53 

3.A5 

663. 

909. 

1.1A6 

0.205 

•3. 

16. 

2. -lA. 

299 

IDLE 

1.122 

5.55 

3.39 

690. 

A97. 

1.163 

0.230 

-6. 

11. 

0. -5. 

300 

IDLE 

1.127 

5.5A 

3. A3 

675. 

509. 

1.155 

0.217 

•6. 

11. 

0. -6. 


PAGE 3 











— DATA 

LISTING FOR 

CONCEPT 

III HOD 

5 NASA PRIHARY 

ZONE 

STUDY 

-- 





OATE 

tabulated: 1A JULY 

82 





ROC AT 

SMOKE 

LBC 

CHEH 

CQ2 

CO CHX 

NOX 

EFF 

CO 

CHX 

NOX 



F/A 

F/A 

i 

PPM PPM 

PPM 


El 

El 

El 

29A 


0.0025 









299 


0.0030 









296 EX 



0.0119 

2 , 37 

621. 136.9 

22. 

97.16 

90.9 

17.7 

3.0 

297 PZ 

60. 


0.0283 

5.3A 

2991. ASS .A 

A7. 

95.38 

89.9 

27.1 

2.7 

298 PZ 

68. 


0.0c90 

A. 73 

2S39. 298.3 

Al. 

99.83 

109.0 

18.7 

2.7 

299 PZ 

A2. 


O.OIAl 

2.71 

1179. 2AB.9 

23. 

95.53 

82 .A 

27.3 

2.7 

300 PZ 

A2. 


0.0198 

2.96 

1701. 380.3 

22. 

9A.05 

1C6.1 

37.3 

2.2 


187 


CK.GfViAL FACE L> 

OF POOR QUALITY 


f AUC »2 — TABULATION OF DATA FROM PRIHART ZONE PROBES » CONCEPT 111 


toe 

CONO 

CONCEPT HOD 

RAKE 

irr 


157 

BOS 

in 

BASLNE 

1 

3.75 

0.0283 

99.73 

5.72 

27 i. 

171. 66. 

15B 

BBS 

111 

BASLNE 

2 

22.50 

0.0565 

72.81 

7.36 

6639. 

92. 87. 

159 

BOS 

111 

BASLNE 

3 

0.50 

0.0170 

99.62 

3.67 

130. 

72. 62. 

162 

BOS 

111 

1 

1 

3.75 

0.0658 

91.57 

7.89 

7893. 

117. 82. 

163 

SOS 

111 

1 

2 

22.50 

0.0388 

99.18 

7.67 

1066. 

156. 29. 

166 

BOS 

111 

1 

3 

0.50 

0.0693 

92.17 

8.69 

8986. 

130. 95. 

122 

BOS 

111 

2 

1 

3.75 

C.0383 

99.62 

7.61 

815. 

173. 28. 

!23 

BOS 

111 

2 

2 

22.50 

0.0307 

99.63 

6.18 

626. 

161. 33. 

126 

BOS 

111 

2 

3 

0.50 

0.0367 

98.75 

6.82 

1727. 

153. 35. 

125 

BOS 

111 

2 

6 

15.00 

0.0320 

99.89 

6.65 

89. 

156. 6. 

!62 

BOS 

111 

3 

1 

3.75 

0.0296 

99.65 

6.00 

270. 

166. 61. 

!63 

BOS 

111 

3 

2 

22.50 

0.0622 

96.08 

7.97 

276. 

197. 76. 

!66 

BOS 

111 

3 

3 

0.50 

0.0215 

99.68 

6.39 

203. 

116. 66. 

!65 

BOS 

111 

3 

6 

15.00 

0.0685 

99.37 

9.63 

331. 

153. 76. 

!81 

BOS 

111 

6 

1 

3.75 

0.0367 

97.06 

6.61 

3119. 

136.100. 

1B2 

90S 

111 

6 

2 

22.50 

0.0685 

82.26 

7.60 

8525. 

98. 95. 

183 

BOS 

111 

6 

3 

0.50 

0.0290 

98.26 

5.69 

1765. 

81. 80. 

186 

BOS 

III 

6 

6 

15.00 

0.0606 

99.36 

8.06 

957. 

110. 53. 

197 

IBLE 

111 

5 

1 

3.75 

0.0283 

95.38 

5.36 

2551. 

67. 60. 

198 

IDLE 

111 

5 

2 

22.50 

0.0250 

95.83 

6.73 

2639. 

61. 68. 

199 

IBLE 

III 

5 

3 

0.50 

0.0161 

95.53 

2.71 

1179. 

23. 62. 

100 

IDLE 

111 

5 

6 

15.00 

0.0158 

96.05 

2.96 

1701. 

22. 62. 


188 


or < . 


PACE 2 

9 AUC 82 — TABULATION OF 

ROC CONO CONCEPT MOO RAKE 
197 BOI 111 BASLNE 1 


198 808 


199 808 


U2 808 


U3 808 


169 808 


222 808 


223 808 


229 808 


229 808 


262 808 


263 808 


269 808 


BASLNE 2 


PASLNE 3 


1 1 


1 2 


1 3 


2 1 


2 2 


2 3 


2 9 


3 1 


3 2 


3 3 


269 808 111 3 9 


FROM PRIMARY {ONE PROBES — CONCEPT III 


0.0393 

C.0298 

mti 

0 0969 
0.0233 


0.0098 

§;§iil 


8 t PPM PPM 

11:11 1:11 \n\ III; 


99.69 

62.97 
98.80 

99.10 

99.97 


399. 

8.30 12799. 
9.70 12937. 
' 1181. 
199. 


1.0197 98.93 


1.0369 

\m 

i.0986 


{l:St \W mU: 

96.99 7.02 3089. 

mt |: 8 | illl: 

98.90 9,99 1903. 


0.0317 

99.32 

6.33 

659. 

121 

0.0903 

97.96 

7.69 

9169. 

135 

0.0626 

88.55 

10.09 

13999. 

190 

5.0939 

99.67 

7.87 

7397. 

M2 

0.0506 

90.10 

8.90 

10929. 

125 

0.0967 

98.63 

9.09 

2333. 

190 


0.0992 

mu 

0.0391 

Im 

5.0201 

mil 

0.0372 

0.0207 


0.0372 

0.0373 

mn 

I IIP 


0.0298 


0.0299 

0.0196 

0.0999 


99.70 8.97 

99.68 6.89 

IW l:!l 

99.89 9.10 

U:it ■«:« 

98.93 7.32 

99.83 9.23 

99.90 7.97 

99.90 7.50 

99.90 6.18 

99.85 9.67 

99.65 8.55 

M !:H 
ll:}| ‘|:p 

99.78 5.06 

M l:li 

99.60 9.00 

99.18 9.77 

99.17 9.25 


97. 

1637. 

95. 


8 ;? 5 n n-M 

5.5936 99.69 8.73 


189 


OF 


POOR QUALITY 


PACE 2 CONTINUED 
9 AUC §2 '•TABULATION OF DATA 

ROC COND CONCEPT NOD RAKE PORT 
2B1 BOR 111 4 1 ^ 

2B2 BOt in 4 2 j 

I 

2B3 BOS 111 4 3 


2B4 BOS 111 


297 IDI.E 111 


29B IDLE III 


299 IDLE 111 


300 IDLE III 


FRON PRINARV 20Nc PROBES " CONCEPT 111 

i8(SHb« 

S V PPM PPM 


5.44 

5.12 

i:)) 


i:8in 

0.0317 

0.021B 

8:8Si; 

0.0267 

0.0301 

hm 


Ihtt 

98.28 

9B.30 

56.05 

94.03 

«:i8 

9B.12 

9B.60 

U:U 


im: 

6.21 1649. 

4.35 602. 


I:J? *!«!: 

B.9 

5.0 


B.9| 

5.25 

5.94 

!:^E 


$964. 
484. 


336. 

453. 

m: 


m: 

139. 

68. 

lEI* 

HI: 

87. 

76. 

HI: 


\ 

liH 

im 

ii;l! 

10.03 

h] 

■Hi: 

in; 

4 

5.12 

0.0292 

99.56 

5.87 

439. 

69. 

J 

t-M 

urn 

mi 


|li8: 

l\: 

3 

4 

1:55 

5.0231 

0.0144 

92.59 

84.15 

\:li 

III]: 

51: 

1 

2 

6.07 

5.75 

5.44 

5.12 

0.0333 

0.0344 

0.0197 

0.0129 

97.60 

96.99 

93.77 

91.43 

6.44 

6.54 

1:55 

2391. 

3607. 

2524. 

2032. 

II: 

28. 

15. 

3 

4 

$ 

t:8? 

0.0152 

0.0133 

8:8ti8 

lUl 

f:?l 

818. 

1282. 

!!: 

1 

1:55 


5:55 

\IU: 

55: 

1 

6.07 

0.0211 

96.81 

4.10 

1341. 

34. 

4 

l:ll 

5.12 

im 

mi 

!:l! 

(Hi; 

II: 


f 


1 QO 


v;o>,L<7 Y 

PACE 1 

•- DATA LISTING FOR CONCEPT III MOD A>1 •• NASA PRIMARY lONE STUDY •• 

DATE TARUlATEDt 23 NOV 02 


ROC 

COND 

MEASUREMENT 

MA 

• IP 

BIT 

DOT 

RISE 

MF 

F/A 


327 

IDLE 

EXHAUST 

CHEM 

2.35 

97.8 

370. 

1069. 

699. 

86.8 

0.01026 

23. 

320 

IDLE 

NO 

CHEMISTRY 

2.3* 

97.7 

370. 

1039. 

669. 

86.2 

0.01016 

23. 

329 

80S 

NO 

CHEMISTRY 

4. 58 

130.0 

*02. 

1953. 

1352. 326.9 

0.01982 

21. 

330 

SOS 

EXHAUST 

CHEM 

A. 98 

130.7 

*11. 

1996. 

13B5. 325. A 

0.01972 

21. 

331 

BOS 

PZ 

SEOUN 

RK 1 

A. 59 

129. A 

603. 

2026. 

1A23. 322.7 

0.01995 

19. 

332 

BOS 

rz 

SEOUN 

RK 1 

A.*0 

131.0 

*15. 

2051. 

1A36. 323.2 

0.01952 

19. 

333 

SOS 

NO 

CHEMISTRY 

A. 58 

12A.2 

617. 

1925. 

1307. 321.9 

0.0I95A 

21. 

33A 

BOS 

PZ 

SEOUN 

RK 1 

A. 5* 

129.6 

61A. 

203A. 

1A20. 321.9 

0.01960 

21. 

335 

BOS 

PZ 

SEOUN 

RK 2 

A. 5* 

129.6 

612. 

201A. 

lAOl. 320.3 

0.01951 

21. 

33* 

SOS 

PZ 

SEOUN 

RK 3 

A. 55 

130.: 

613. 

2007. 

139A. 322.1 

0.01969 

21. 

337 

BOS 

PZ 

SEOUH 

RK A 

A.5A 

130.2 

*12. 

2050. 

1A38. 320.9 

0.01962 

21. 

338 

SOS 

NO 

chemistry 

A. 5* 

129.2 

*12. 

19A3. 

1331. 320.7 

0.01996 

21. 

339 

BOS 

EXHAUST 

CHEM 

A. 56 

130.0 

607. 

1967. 

1359. 320.1 

0.01952 

21. 


FACE 2 

DATA LISTING FOR CONCEPT III MOO A>1 NASA PRIMARY ZONE STUDY •• 






DATE 

TABULATED t 

23 NOV 

82 



R86 

COND 

FI 

ACO 

OP/P 

sWi 

AVC 

SKIN 

TM/TA 

PATRN T^P 

TM^O 

RHp ROpT 

327 

IDLE 

1.172 

9.62 

3.60 

BA2. 

59A. 

1.132 

0.202 -10. 

11. 

A. -6. 

328 

IDLE 

1.177 

5.65 

3.60 

•A2. 

992. 

1.157 

0.2AA -8. 

11. 

A. -6. 

329 

BOS 

I.IAB 

9.65 

3.*>3 

1A32. 

919. 

1.3A5 

0.A99 -27. 

21. 

10. -3. 

330 

BOS 

I.IAB 

5.69 

3.37 

1AA7. 

936. 

1.200 

0.288 -25. 

27. 

9. -13, 

331 

SOiI 

1.156 

5.68 

3.AA 

1A73. 

938. 

1.13A 

0.191 -19. 

35. 

10. -26. 

332 

BOS 

1.151 

5.67 

3. A3 

1A90. 

953. 

1.121 

0.173 -12. 

A2. 

7. -38. 

333 

80S 

1.209 

9.62 

3. BA 

1393. 

939. 

1.31A 

0.A62 -29. 

19. 

10. -2. 

33A 

BOS 

1.15A 

5.67 

3. A3 

1A15. 

960. 

1.130 

0.186 -10. 

39. 

6. -36. 

335 

80S 

1.153 

5.66 

3.A3 

1A22. 

958. 

1.135 

0.199 -15. 

39. 

8. -33. 

336 

BOS 

1.1A6 

9.68 

3.38 

1516. 

97A. 

1.163 

0.235 -13. 

37. 

8. -31. 

337 

BOS 

1.1A3 

5.65 

3.39 

1500. 

971. 

1.136 

0.19A -11. 

Al. 

5. -35. 

338 

BOS 

1.15A 

5.69 

3.A1 

1533. 

96A. 

1.327 

0.A78 -29. 

23. 

10. -5. 

339 

•OS 

1.1A5 

9.6A 

3.A2 

15A7. 

966. 

1.170 

0.2A6 -19. 

2A. 

6. -13. 
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OF POOR QUALITY 


^A(E 3 

— lATA LISTING FOR CONCEPT 111 NOO A-1 -- NASA PRINART lONE STUDY •• 

DATE TAIULATEOl 23 NOV »2 


:oc 

AT 

SNORE 

LDO 

F/A 

CNEN 

F/A 

C02 

n 


CHX 

PPN 

NOX 

PPN 

EFF 

CO 

El 

CHX 

El 

NOX 

El 

i27 

EA 


O.OOS8 

0.0117 

2 .ri 

99A. 

9.^.3 

23> 

91. OA 

AO. 3 

77.2 

3.2 

>2t 













i2f 



6.0010 










>10 

EX 



0.0231 

A. 09 

90A. 

73.0 

139. 

99.00 

21.0 

9.0 

9.5 


P2 



0.033A 

0.93 

19A9. 

72.0 

00. 

90.33 

90. A 

3. A 

3.0 

>12 

P2 



0*0292 

9.09 

001. 

97.0 

09. 

99.02 

20.0 

3.0 

9.0 

>11 














P2 

AO. 


0.0270 

9.92 

001. 

127.2 

120. 

90.50 

30.0 

7.2 

7.5 


P2 

76. 


0.0337 

0.97 

1E2A. 

120.1 

139. 

90.10 

9A.3 

0.0 

0 .0 


PZ 

A. 


0.0230 

A.OA 

1A9. 

9.1 

129. 

99.79 

0.0 

0.3 

O.B 

il? 

P2 

aB. 


0.0200 

A. 00 

090. 

10*7 

91. 

90. OA 

AA.2 

1.3 

A .1 



1. 












EX 



0.0221 

A.AA 

993. 

30.1 

05. 

99.19 

20.0 

2.1 

A .e 


Qr'ff’fV ",r T- 

OF POOR QIihUTY 


MCE 1 

— DATA LISTING FOR CONCERT III NOD A*2 •• NASA PRINARV ZONE STUDY •• 






DATE TASULATEDI 

1 3 

JAN 83 




FL^N 

RDC 

CQNO 

NEASUREMENT 

HA 

DIP 

RIT 

DOT 

RISE 

UF 

F/A 

SAO 

IDLE 

NO 

CHENISTRY 

2.28 

94.4 

3*7. 

902. 

936. 

83.2 

0.01015 

3*. 

3A1 

IDLE 

EXHAUST 

CHEH 

2.27 

94.7 

373. 

946. 

974. 

03.4 

0.01021 

35. 

342 

80S 

NO 

CHENISTRY 

4.98 

130.7 

*11. 

1993. 

1342. 

324.8 

0.01970 

27. 

343 

80« 

EXHAUST 

CHEH 

4.99 

130.4 

*09. 

2019. 

1409. 

324.4 

0.01981 

27. 

344 

888 

PZ 

SEOUN 

RK 1 

4.98 

130.0 

*10. 

2012. 

1402. 

322.3 

0.01957 

27. 

349 

OCX 

F2 

SEQUN 

RK 2 

4.97 

131.1 

406. 

2033. 

1427. 

322.2 

0.01959 

27. 

34* 

80X 

PZ 

SEOUN 

RK 3 

4.96 

129.2 

610. 

2043. 

1433. 

320.6 

0.01992 

27. 

347 

80X 

PZ 

SEOUN 

RK 4 

4.96 

129.8 

*1G. 

2094. 

1443. 

324.0 

0.01972 

27. 

348 

SOX 

NO 

CHEMISTRY 

4.98 

127.9 

*10. 

1940. 

1329. 

323.4 

0.01963 

17. 

349 

SOX 

EXHAUST 

CHEH 

4.98 

126.8 

*14. 

1945. 

1331. 

320.0 

0.01943 

17. 

390 

eox 

PZ 

SEOUN 

RK 1 

4.98 

127.9 

*12. 

1993. 

1341. 

3Z0.9 

0.01948 

17. 

391 

80X 

PZ 

SEOUN 

RK 2 

4.97 

128.1 

*11. 

1987. 

1376. 

322.0 

0.01955 

17. 

392 

SOX 

PZ 

SEOUN 

RK 3 

4.97 

128.1 

*12. 

1980. 

1368. 

322.0 

0.01959 

17. 

393 

sox 

PZ 

SEOUN 

RK 4 

4.98 

120.6 

*11. 

1958. 

1347. 

319.9 

0.01940 

17, 


FACE 2 


m * 

DATA 

LISTING 

FOR CONCEPT 

111 NOD A>2 

-- NASA 

PRIMARY ZONE STUDY — 





DATE 

TAOULATEOt 

3 JAN 83 





ROC 

COND 

FI 

ACO 

OP/P 

HOT 

SKIN 

iiVO 

SKIN 

TN/TA 

PATRN 

T 

TN^O 

RN^D 

ROp 

340 

IDLE 

1.203 

9.98 

3.85 

796. 

917. 

1.323 

0.944 

-0. 

13. 

-0. 

-12. 

341 

IDLE 

1.196 

9.98 

3.81 

799. 

924. 

1.264 

0.436 

2. 

16. 

•1 . 

-16. 

342 

SOX 

1.147 

6.04 

2.99 

1271. 

951. 

1.212 

0.309 

>60. 

9. 

27. 

33. 

?t43 

SOX 

1.141 

9.99 

o 

o 

• 

1289. 

955. 

1.212 

0.304 

-75. 

13. 

29. 

31. 

314 

DOX 

1.191 

6.05 

3.00 

1271. 

990. 

1.110 

0.190 

-76. 

17. 

29. 

30. 

349 

SOX 

1.138 

6.09 

2.94 

1244. 

939. 

1.120 

0.183 

-72. 

22. 

27. 

21. 

34* 

sox 

1.199 

6.06 

3.01 

1233. 

944. 

1.111 

0.199 

-72. 

23. 

28. 

20. 

347 

sox 

1.190 

6.06 

2.99 

1240. 

94S. 

1.109 

0.190 

-69. 

26. 

29. 

19. 

348 

sox 

1.174 

9.60 

3.69 

1079. 

1009. 

1.202 

0.294 

-4 . 

38. 

0. 

-35. 

949 

sox 

1.182 

5.62 

3.66 

1042. 

988. 

1.216 

0.316 

-16. 

29. 

4. 

-18. 

390 

sox 

1.179 

9.63 

3.61 

1077. 

998. 

1.180 

0.262 

8. 

52. 

-5. 

-53. 

391 

sox 

1.1*9 

9.63 

3.90 

1037. 

990. 

1.291 

0.362 

14. 

58. 

-8. 

-64. 

392 

sox 

1.1*6 

9.63 

3.59 

1044. 

1005. 

1.231 

0.334 

10. 

97. 

-8. 

-60. 

393 

sox 

1.1*6 

9.65 

3.53 

1044. 

9ft >. 

1.106 

0.270 

2. 

49. 

-3. 

-49. 
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FACE 3 

••DATA LISTING FOR CONCEPT III NOO A*2 — NASA PRIMARY ZONE STUDY — 

DATE TARULATEOt 3 JAN S3 


R»C 

AT 

SNORE 

k58 

CHEH 

F/A 

Cg2 

3A0 



0.0050 



3A1 

EX 



0.0103 

1.80 

3A2 






3A3 

EX 


O.OOOA 

0.0230 

A. 67 

3AA 

PZ 

79. 


0.0368 

7.11 

3A5 

PZ 

7A. 


0.0A38 

8.30 

3A6 

PZ 

29. 


0.0211 

A. 31 

3A7 

PZ 

33* 


0.0270 

5.38 

3AB 



o.oooe 



3A9 

EX 



0.0215 

A. 38 

350 

PZ 

53. 


0.03A6 

6.75 

351 

PZ 

37. 


0.0305 

5.99 

352 

PZ 

32. 


0.0222 

A. 52 

353 

PZ 

76. 


0.0392 

7.1A 


CO 

CHX 

NQX 

EFF 

CQ 

CHX 

PPM 

PPM 

PPM 


El 

El 

567. 922.3 

2. 

85.78 

53.8137.6 

19A. 

12. A 

156. 

99.68 

8.A 

9.8 

2AA3. 13A.0 

190. 

97.89 

66.8 

5.8 

A1A7. 

59.1 

287. 

97.55 

95.9 

2.1 

89. 

5.1 

170. 

99.81 

A. 2 

O.A 

1015. 

36.6 

127. 

98.91 

37.3 

2.1 

6f^. 

0.8 

130. 

99.88 

3.0 

0.1 

7101. 

79.9 

1A9. 

98.23 

61.1 

3.6 

1598. 

7A.6 

15A. 

98. AO 

52. A 

3.8 

211'. 

2.0 

129. 

99.72 

9.7 

0.1 

3660.1153.5 

lOA. 

93. A1 

9A.3 

A6.7 


NOX 

El 

0.3 

n.o 

8.3 

10.9 

13.1 

7.7 

9.8 
7.1 
8.3 
9.5 

A. A 


ORIGINAL PAGS IS 
OF POOR QUALITY 

PACE 1 

DATA listing FOR CONCEPT 111 HOO A>3 NASA PRIMARY ZONE STUDY - 
DATE TAtULATEOt 3 JAN S3 


ROG 

COND 

MEASUREMENT 

HA 

SIP 

BIT 

SOT 

RISE 

WF 

F/A 

FL^W 

6 

354 

SOX 

NO 

CHEMISTRY 

4.61 

125.2 

615. 

1537. 

1322. 

322.4 

0.01942 

17. 

355 

sox 

EXHAUST 

CHEN 

4.61 

131. S 

614. 

1576. 

1362. 

322.3 

0.01942 

17. 

356 

sox 

PZ 

SEQUN 

RR 4 

4.60 

131.6 

617. 

1525. 

1309. 

322.9 

0.01950 

17. 

357 

BOX 

PZ 

SEQUN 

RK 1 

4.58 

131.6 

614. 

1521. 

1306. 

320.7 

0.01944 

17. 

35S 

sox 

PZ 

SEOUN 

RK 2 

4.62 

131.5 

613. 

1507. 

1294. 

322.9 

0.01940 

17. 

35f 

sox 

PZ 

SEQUN 

RK 3 

4.62 

132.3 

613. 

1509. 

1297. 

322.4 

0.01938 

17. 

360 

lOOX 

NO 

CHEMISTRY 

4.57 

143.3 

746. 

2067. 

1321. 

352.0 

0.01967 

17. 


PACE 2 

•• DATA LISTING FOR CONCEPT III HOO A-3 NASA PRIMARY ZONE STUDY — 






DATE 

tabulated: 

3 JAN S3 




ROC 

CONO 

FI 

ACO 

OP/P 

HOT AVC 

SKIN SKIN 

TF H 

PATRN 

TIP 

F 

TMID RMIO 
F F 

ROOT 

F 

354 

SOX 

1.171 

5.78 

3.40 

1263. 1106. 

1.211 

0.309 

6. 

42. -4. 

-44. 

355 

SOX 

1.146 

5.77 

3.27 

1250. 1103. 

1.158 

0.229 

10. 

42. -6. 

-4 7. 

356 

SOX 

1.147 

5.79 

3.25 

1269. 1116. 

1. r 

0.227 

30. 

52. -15. 

-66. 

357 

SOX 

1.141 

5. SO 

3*22 

1249. 1110. 

1.176 

0.259 

28. 

51. -14. 

-65. 

358 

sox 

1.152 

5. BO 

3.27 

1241. 1101. 

1.145 

0.214 

33. 

52. -16. 

-6B. 

359 

SOX 

1.144 

5.79 

3.24 

1249. 1107. 

1.149 

0.220 

32. 

53. -15. 

-67. 

360 

lOOX 

1.204 

5.84 

3.53 

1360. 1241. 

1.213 

0.333 

4. 

43. -4. 

-45. 


PAGE 3 

— DATA LISTING FOR CONCEPT III MOD A-3 — NASA PRIMARY ZONE STUDY — 


DATE TASULATEOt 3 JAN S3 


ROC 

AT 



C|2 

p|iS 

m 

NQX 

PPM 

EFF 

if 

CHX 

El 

Ti 

354 


0.0005 










Ml 

Ml 

EX 


0.0254 

5.16 

49. 

1.9 

149. 

99.90 

1.9 

0.1 

9.6 

356 

PZ 

34. 

0.0257 

5.18 

42S. 

9.4 

122. 

99.53 

16.6 

0.6 

7.7 

357 

PZ 

80. 

0.0399 

7.83 

1689. 

38.7 

221. 

98.84 

42.6 

1.5 

9.2 

358 


74. 

0.0372 

7.28 

1810. 

39.8 

208. 

98.68 

49.0 

1.7 

9.2 

359 

PZ 

48. 

0.0328 

6.50 

12S4. 

16.1 

159. 

99.00 

39.1 

0.8 

8.0 


3S0 


1 

i 
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CH'aiiMAl PAGE IS 

OF POOR QUALITY 


9 JAN C3 TAIULATION OF DATA FROM FAIMART lONC FROBES -* ADDENDUM 


5W ‘«!IS 'Wf'" 


? 

RAKE 



7 . 

RA 

KE VALU 

loio. 

SMOK 

332 

lOR 

111 


1 

1 

3.79 

0.0292 

99.02 

9 

09 

601. 

•9. 

33A 

•01 

111 


1 

1 

3.79 

0.0270 

90. 9* 

9 

92 

•61. 

120. 40. 

339 

•OR 

111 


1 

2 

22.90 

0.0337 

90.16 

6 

97 

1624. 

139. 78. 

33A 

•OR 

Ml 


1 

3 

0.90 

0.0230 

99.79 

4 

•4 

149. 

129. 4. 

337 

• OR 

111 


1 

4 

19.00 

0.0200 

90.04 

4 

00 

•96. 

91. 18. 

3AA 

•OR 

111 


2 

1 

3.79 

O.OMO 

97.09 

7 

11 

2443. 

190. 79. 

3A9 

• OR 

III 


2 

2 

22.90 

0.0438 

97.99 

• 

30 

4147. 

207. 74. 

3A6 

•OR 

111 


2 

3 

0.90 

0.0211 

99.01 

4 

31 

• 9. 

170. 29. 

347 

• OR 

111 


2 

4 

19.00 

0.0270 

98.91 

9 

38 

1019. 

127. 33. 

390 

• OR 

III 


2 

1 

3.79 

0.0346 

90.23 

6 

79 

2109. 

149. 93. 

391 

•OR 

111 


2 

2 

22.90 

0.0309 

90.40 

9 

99 

1998. 

194. 37. 

392 

• OR 

III 


2 

3 

0.90 

0.0222 

99.72 

4 

92 

218. 

129. 32. 

393 

• OR 

111 


2 

4 

19.00 

0.0392 

93.41 

7 

14 

3660. 

104. 76. 

396 

•OR 

III 


3 

4 

19.00 

0.0297 

99.93 

9 

10 

420. 

122. 34. 

397 

•OR 

111 


3 

1 

3.75 

0.0399 

90.04 

7 

• 3 

1689. 

221. 00. 

398 

• OR 

III 


3 

2 

22.90 

0.0372 

90.60 

7 

28 

1810. 

208. 74. 

399 

• OR 

III 


3 

3 

0.90 

0.0320 

99.00 

6 

90 

1284. 

199. 48. 
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PACf 

3 JAN »3 

ROC COND 

331 tOS 

332 tO« 

33A 00* 

339 aox 

336 ao« 

337 OCX 
366 lOX 
369 ROX 

366 iOX 

367 ROX 

390 ROX 

391 ROX 

392 ROX 

393 ROX 


OF POOft* quality 


TARULATION OF 0A1A FRON MINART lONf RRORES 


ADDENDUM 


CONCEPT MOO RA 
A-1 

A-1 

A-1 

A-1 


A-1 


A-1 


A-2 


A-;; 


A-2 


A-2 


A-2 


A-2 


A-2 


A-2 


E PORT 


F/A 


iNO^J^DUALcJJtT 



9.12 


PAGE 

3 JAN t3 

HOG CONO 
3M fOS 

357 tO< 

39S tO« 

399 SOU 


U>i. X. !S 

OF POOR QUALITY 

CONTINUED 

— TAtULATION OF DATA FRON PRIMARY ZONE PROBES -- ADDENDUM 


CONCEPT MOO RARE PORT iBMHbN ‘F/r*"‘»|«'»“*‘-c|9'*^ 
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